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3-ARYLSULFONYL-2-(SUBSTITUTED-METHYL)PROPANOIC ACID 
DEmVATES AS MATRIX METALLOPROTEINASE INHIBITORS 



FIELD OF THE INVENTION 

The present invention relates to some P-sulfonyl hydroxamic and carboxylic 
acids displaying potent and selective inhibitory activity against some Matrix 
MetalloProteinases (MMPs), to their use for the treatment of diseases in which the 
proteolytic activity of these MMPs is involved, to methods for their preparation, and to 
pharmaceutical compositions containing them. 

BACKGROUND OF THE INVENTION 

Under physiological conditions MMPs play an important role in normal tissue 
turnover and development. However, increased MMP activity and/or impaiiTnent of the 
physiological MMP inhibitors has been associated with a variety of pathological 
conditions such as cancer, rheumatoid arthritis, osteoarthritis, osteoporosis, multiple 
sclerosis, stroke, arteriosclerosis, restenosis and age-related macular degeneration. In 
cancer, the contribution of MMPs is manifold and not limited to destruction of the 
extracellular matrix required for local and distal invasion. The proteolytic action of 
MMPs generates active matrix protein fragments, and influence the release, activation 
and bioavailability of growth factors. In addition, MMPs are involved in cell migration 
and in the processing or shedding of cell surface proteins. It is now believed that the 
proteolytic action of MMPs plays a very important role in tumor growth, apoptosis and 
angiogenesis (see Noel, A. et al., 'Emerging Roles for Proteinases in Cancer', Invasion 
Metastasis 17:221-239, 1997). Among the several MMPs known to date, gelatinase-A 
(MMP-2) is currently reputed as the main target in cancer. 

Potent MMP inhibitors (MMPIs) were disclosed three decades ago (e.g., see 
Dickens, J. P. et al., U.S. Patent 4,599,361), but only recently some of them entered 
clinical trials, and none has arrived at the market yet. Questions remain concerning their 
specificity, bioavailability, and potential long-term toxicity (see Hodgson, J., 



'Remodeling MMPIs', Bioteclinology 13:554-557, 1995), especially because they are 
primarily intended (in arthr-itis and^cancer-at leas^>)i^foF:^prol0ngg^dtfctheEapy'^^^^ 
the most advanced MMf^Fin the clinie, and ^other- compounds 'currently investigated in 
patients such as Novartis CGS27023A and Agouron AG3340, have been reported to 
cause a musculoskeletal syndrome characterized by joint pain and stiffness, which may 
be severe and dose-limiting. Although the cause of this toxicity is not well understood at 
this moment, it is thought to arise from an impairment in the normal tissue remodeling 
that is governed by one or more of the MMPs, primarily fibroblast collagenase (MMP- 
1). We have extended these observations by developing an animal model of joint 
toxicity, involving treatment of rats for 10 days with MMPIs at exposures close to that 
required for antitumor efEeae^y^ in mi6.e'<.human».prostate^,DUrl45-m0deJ^^ In this rat 
model, , MMPIs -charaetpr^i^isd-by .pooJj^sele^ti:vit^y••'(i.e.,^ comparable. pQj§ncy agginst 
MMP-2 and MMP-1), suejkfasiimsr^aima^^^^ 

alteration . of stifle j oiM«uS^ht4p©i?tiE©,phic*«fi^ ligamenits;:::inteTsj;i^i^te]iypertTop^ 
fibrosis 'of skeletal .musel:es#hypertrophim.^ of-the^peHOstium and synovium, 

chondrodysplasia, and-ide®!sease.d*.end©^-hondrial ossification^of-th plate); in 

some cases, clinical symptoms (abnormal posture, reluctance to move, abnormal gait) 
were also observed. Thus, there is a strong need for better MMPIs, especially as far as 
the properties referred to above (specificity, bioavailability, long-term toxicity) are 
concemed. The compoimds of the present invention are intended to provide these 
advantages. 

INFORMATION DISCLOSURE 
A previous disclosure- * by > the vPharmada & Upjohja^^.Companyy PCT Patent 
Application WO 98/13340 (US Patent-Nmmber 5,847:153), prov.idesea bro^adMnge^of p-- 
sulfonyl hydroxanaiiG^.aGidt^emwativ;esttaheir prepaGa^ioisiv andibtheii^'iaGtiii^ty: against 
various enzymes of the MMP family, predominantly stromelysin and gelatinase. These 
compounds aie generically described by the formula (la): 
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wherein R, is C4.J2 alkyl, C4.,2 alkenyL €^^^2 alkynyl, -(CH2)irC3.8 cycloalkyl, -(CH^)^- 
aryl, or -(CH.),,-het; R2 is C,.,2 aikyl, C2.,2 alkenyl, C2.i2 alkyrryl, -(Cri2)irC3.g cycloalkyL 
5 -(CH,X-C,., cycloalkenyl, .(CH2)H-aryl, -(CH^^-het, -(CH2),rQ, '{CH^V^^R,, or -(CH^),- 
CHR5R6. 

We have now found that the combination of few particular groups R, and Rj in a 
molecule of formula (la) provides distinct advantages over the other compounds of this 
class of MMPIs. Said combination, which is an object of the present invention, is 
10 associated with outstanding potency (Ki in the picomolar range) against the gelc!tinases, 
in particular MMP-2, and relatively weak activity against fibroblast collagenase (MMP- 
1). Further, we have found that the same combination confers good potency (low nanoM 
range) and even higher selectivity for MMP-2 to the corresponding carboxylates, which 
were previously described as intermediates but not claimed as such. Finally, we have 
15 found that the same combination provides advantages in the pharmacokinetic 
parameters, in particular lower clearance and higher oral bioavailability, and that 
antitumor efficacy in rodents can be achieved in the absence of joint toxicity. 

DESCRIPTION OF THE INVENTION 
The present invention provides 3-arylsulfonyl-2-methyl propanoic acid 
20 derivatives of formula (I): 



or pharmaceutical ly acceptable salts thereof wherein: 

X is either HO-NH- (hydroxamic acids) or HO- (carboxylic acids); 

Ri is selected from phenyl, 4-chlorophenyl, 4-fluorophenyl, 4-cyanophenyl, 

benzamido (i.e., -NW-GO-Plf)^Gr-ben^amd do^isubstdtoted'^on*^^^ Ph%ng^by^C i ^ 

alkyl; fluoro, chloro-cyane^C,^^ ^Ik©?^^; 
R2 is selected«#Qm^ 

(a) ~S-Ar or* -S-@W^%rf wherein^ -*Ar^ or 
bicarbocyclic aromatic moietyv prefei?abiV^::phenyl|^^ which is 
either unsubstituted or substituted with one or two substituents sele©ted«»from^the group 
consisting of C,^ alkyl, phenyl, benzyl, C,., alkoxy, fluoro, chloro, bromo, nitro, cyano, 
hydroxy, amino, dimethylamino, acetamido, methylthio and acetyl; 

(b) -O-Ar, wherein Ar is as defined above; 

(c) -S-Het or -S-CH2-Het, wherein Het is a heterocyclic ring selected 
from the group consisting of pyridine, pyrimidine, pyridazine, pyrazine, 1,2,5-triazine, 
imidazole, thiophene, furan, pyrrole, pyrazole, 1,3-thiazole, 1,3-oxazole, 1,2,3-triazole, 
i,2,4-triazole, 1 ,3,4-thiateole: l,3,4-oxadia2©fe, l,2,3,4-tetjr^0lev quinaline, 
isoquinoJine, indole, 1 ,3-benzoxaz0le, 1 ,3-benzothiazole, ben^imidazole, 
[l,3]oxazolo[4,5-b]pyridii^'e^v [l,3]thiaz©l0[4,5-b]pyridkie- [ 1,2,3, 4Jtetfa2olc)[4 ;5- 
b]pyridazine and purine, and wherein said Het group can be substituted with one to 
three substituents selected from the group consisting of C,_4 alkyl, phenyl, pyridyl, 
benzyl, C,^ alkoxy, methylthio, fluoro, chloro, nitro, cyano, hydroxy, 0x0, amino, 
methylamino, dimethylamino, 2-dimethylaminoethyl, acetamido and acetyl; 



(d) 2,5-dioxo-l-imidazolidinyl or 2,4-dioxo-l-imidazolidinyl, which can 
be substitued at the carbon atom with one or two methyl groups, or with linear or 
branched alkyl, phenyl, benzyl or hydroxymethyl, and at the nitrogen atom with C,^ 
linear or branched alky 1. 

The compounds of the present invention can be converted to pharmaceutically 
acceptable salts, where appropriate, according to conventional methods. The term 
'pharmaceutically acceptable salts' refers to acid addition salts useful for administering 
the compounds of this invention and includes hydrochloride, sulfate, phosphate, acetate, 
propionate, lactate, mesylate, maleate, malate, succinate, tartrate, citrate, 2-hydroxyethyl 
sulfonate, fumarate and the like. Alternatively, the compounds of this invention, 
especially when X in formula (I) is hydroxy, may form metal salts, such as sodium, 
potassium, calcium or magnesium, or ammonium salts, or salts with an appropriate 
organic amine or amino acid such as arginine, procaine and the like. Any salt may be 
either in the anhydrous or hydrated form, or may be solvated with acceptable solvents, 
such as ethanol. 

The present invention also provides pharmaceutical compositions which comprise, 
as active ingredient, a compound of formula (I) or a solvate, hydrate, or pharmaceutically 
acceptable salt thereof, and a pharmaceutically acceptable carrier, diluent or excipient. 

The compounds of this invention contain a chiral center at the a-position of the 
hydroxamic or carboxylic acid, and as such they may be obtained as any of the two 
separate enantiomers or as a racemic mixture of both. Preferred compounds of this 
invention are either the racemates or individual isomers having the configuration depicted 
in the foraiula (F) herebelow: 



wherein X, Rj and R2 are as defined above. According to the Cahn-Ingold-Prelog rule, 
these preferred isomer are denoted as (R) when R2 is -O-Ar, 2,5-dioxoimidazolidin-l-yl 
or 2,4-dioxoimidazolidin-l-yl, and as (S) when R, is -S-Ar, S-Het, -S-CH^-Ar or -S- 
CH^-Het. In addition, depending on. the^subst4tuen'ts, additionaL or other 

isomeric forms may be present, andin^thisvrinxfmtio.nRHena^braGe aliisp,0.ssifele*sJe^e©isom^^ 
and geometrical forms. 

Particularly prefeE^ed conapounds.^f this inventioa are as^foHote: 
3-[(4'-Chloro[l, 1 '-bipheny4»l-4-y4)suJf©ny4*^^^^^^^ acid; 

(25)-3-[(4'-Chloro[lJ'-biphenyl].4-yl)sulfonyl]-2-[(phenylsulfan^^^^ 
acid; 

3-[(4'-ChIoro[l,r-biphenyl]-4-yl)sulfonyI]-N-hydroxy-2-[(phenylsulfanyi)methyl]- 
propanamide: 

3-[(4'~ChIoro[l,r-biphenyl]-4-yl)sulfonyl]-2-[[(4- 
hydroxyphenyl)sulfanyl]methyl]propanoic 
acid; 

3-[(4'-ChloEo[l,r-bip'henyl«>4-yi)sulfoft^ 
methyljpropanarnide;'- 

3-[(4'-Chloro[l , 1 '-biphenyl]^4-yl)sulfonvyl]-2-0phenoxymethyl)pro^ acid; 

3-[(4'-Chloro[l,r-biphenyl]-4-yl)sulfonyI]-N-hydroxy-2- 

(phenoxymethyi)propanamide; 

3-[(4'-ChIoro[l,l'-biphenyl]-4-yl)sulfonyl]-2-[(2-pyridinyIsulfanyl)methyl]propanoic 
acid; 



3-[(4'-Chloro[l,r.biphenyl]-4-yl)sulfonyI]-N.hydroxy-2-[(2-pyridinylsu^ 
propanamide; 

3-[(4'-Chloro[lJ'-biphenyl]-4-yl)sulfonyl]-2-[[(2-pyridinylmethyl)sulfa^ 
propanoic acid; 

3-[(4'-Chlorori,r-biphenyl]-4-yl)sulfonyl]-N-hydroxy-2-[[(2- 
pyridinylmethyl)sulfanyl]- 

methyljpropanamide; 

34(4'-Chloro[],r-biphenyl].4-yl)sulfonyl]-2-[[(5-methyl.l,3^ 
yl)sulfanyl]- 

methyljpropanoic acid; 

3-[(4'-Chloro[lJ'-biphenyl]-4-yl)suIfonyl]-N.hydroxy-2-[[(5-methyl-13,^ 
2- 

yl)sulfanyl]niethyl]propanamide; 

3-[(4'-Chloro[l,r-biphenyl].4-yl)sulfonyl]-2-[[(5-amino-l,3,4-tW^ 
sulfanyl]- 

methyljpropanoic acid; 

3-[(4'-Chloro[lJ'.biphenyl]-4-yl)sulfonyl]-2-[[(l-methyl-lH-imi^ 
methyl]prop2Lnoic acid; 

3-[(4'-Chloro[lJ'-biphenyl]-4-yl)sulfonyl]-2-[(2-pyrimidinylsulfa^^ 
acid; 

3 - [(4 ' ^Chloro [1,1' -biphenyl]-4-y l)sulfonyl]-2-[[( 1 -methyl- 1 H-tetrazol-S - 
yl)sulfanyl]methyl]- 

propanoic acid; 

3-[(4'.Chloro[lJ'-biphenyI]-4-yl)sulfonyl]-2-[[(l.beiizyl-lH-te^^^ 
yl)sulfanyl]methyl]- 

propanoic acid; 

3-[(4'-Chloro[iJ'.biphenyi]-4-yl)sulfonyl]-2.[(lH-ben2imidazol-2.yI^ 
propanoic acid; 
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3-[(4'-Chloro[l,l'-biphenyl]-4-yl)sulfonyl]-2-[(l,3-thiazo.k2' 
y 1 sul fanyI)me;thyJi]pyv<apaja0i©f*^ 
acid; 

3-[(4^Chloro[l,r-biphenyl]-4-yl)sulfonyl]-2-[[(2-meth 
yl)sulfanyl]- 

methyljpropanoic acid; 
34'(4'-Chloro[l,r-biphenyl]-4-yl)sulfonyl]-24[(5-phenyl-l,3,4.oxadi^^ 
yl)sulfanyl]- 

methyljpropanoic acid; 
3-[(4'-Chloro[l,l'-biphenyl]-4-yl)sulfonyl]-2-[[[l-(3'pyridinyl^lH4m^ 
yl]sulfanyl]- 

methj^pptp^ftic^acyd;^ 
3 - [(4 ' -Ch*tei:0i[«^l , 1 ' 'hj^hj^wl^m^^^^^ 
yl)suifanyi"]methyili|>-^ * 

propanoic-aoid; 
3~[(4'-Chloro[lJ'-biphea.yl^.4-y4)sul^^ 
sulfanyl)- 

methyljpropanoic acid; 
3-[(4'-Chloro[lJ'-biphenyl]-4-yl)sulfonyl]-24([l,2,3,4]tetrazolo[l,5-b]pyri^ 

sulfanyl)methyl]propanoic acid; 
3-[(4'-Chloro[14'-biphenyl]-4-yl)sulfonyl]-2-[[(2,6-dimethyl-4-pyrimid^ 

methyI]propanoic acid; 

3-[(4'-Chlor.o[4 J'-biphenyl']-4-y0 

meth^jpropanoic acid; 
3 - [(4 ' -Chlor0[d ; 1 ' -bipheny ]l]*'4-yl)su^^^^ 

suifanyl]methyl]propanoic acid; 
3-[(4'-Chloro[l , 1 '-biphenyl]-4-yl)sulfonyl]-2-[[(4,6-dihydroxy-2-pyrimidinyl)sulfanyl]- 

methyljpropanoic acid; 



3-[(4'-Chloro[l,r-biphenyl]-4-yl)sulfonyl]-2-[(9H-purin-6- 
ylsulfanyl)methyl]propanoic 
acid; 

3-[(4'-Chloro[l,l'-biphenyl]-4-yl)sulfonyl]-2-(3-fluorophenoxymethyl)prop^^ acid; 
3-[(4'-Chloro[l,r~biphenyl]-4-yl)sulfonyl]-2-[(2- 
acetylaminophenoxy)methyl]propanoic 
acid; 

3-[(4'.Chloro[l,r-biphenyI]-4-yl)sulfonyl]-2-[(4- 
acetyIaminophenoxy)methyl]propanoic 
acid; 

3-([l,l'-Biphenyl]-4-ylsulfonyl)-2-[(3,4,4-trimethyl-2,5-dioxo-l- 
imidazolidinyl)methyl]- 

propanoic acid; 

3-[(4'-ChIoro[lJ'-biphenyl]-4-yl)sulfonyl]-2-[(3,4,4-trimethyl-2,5-^^^ 
imidazolidinyl)- 

methyljpropanoic acid; 
(2/?)-3-[(4'-Chloro[l,r-biphenyl]-4-yl)sulfonyl]-2-[(3,4,4-trimet^^^ 
i midazolidinyl)methyl]propanoic acid; 

3-[(4'-Chloro[lJ'-biphenyI]>4-yl)sulfonyl]-N-hydroxy-2-[(3A4-trimethyl^ 
imidazolidinyl)methyl]propanamide; 

3^[(4'-Chloro[l.a'-biphenyl]-4-yl)sulfonyl]-2-[(4,4-dimethyl-2,5-dio^^ 
imidazolidinyl)- 

methyl]propanoic acid; 

3-[(4'-Chloro[l J'-biphenyl]-4-yl)sulfonyl]-N-hydroxy-2-[(4,4-dimethyl-2,5^^ 
imidazolidinyI)methyl]propanamide; 

3-[(4'-Chloro[l,r-biphenyl]-4-yl)sulfonyl]-2-[(2,5-dioxo-l. 
imida2olidinyl)methyl]propanoic 
acid; 
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3-[(4'-Chloro[ 1 , 1 '-biphenyl]-4~yl)sulfonyl]-N-hydroxY-2-[(2,5^4ioxo-JM 

methyl»]pn©^panai!nidej^ 
3-[(4'-Chloro[l,r-biphenyl]-4-yl)sudfonyl]-^^ 

methyl]propanoic acid; 
3-[(4'-ChIoro[l,r-biphenyl]-4-yl)sulfonyl]-2-[(3-ethyl-2,5-dioxo-^ 
imidazolidinyl)methyl]- 

propanoic acid; 

3-[(4'-Chloro[l,r-biphenyl]-4-yl)sulfonyl]-2-[(3-butyl-2,5-dioxo-l^ 
imida2olidinyl)niethyl]- 
propanoic acid: 

34(4'-Chloro[l J '-biphenyI]-4-yl)sulfonyl]-N-hydroxy-24(3-butyl^ 

imiidazo'Udinyfl^mel2hyil»]»pis®panam 
3-[(4'-Chloro[ 1 , 1 '-bipheny'1^^4-yl)sulfGnyl]~24(3-but0^^ 1 - 

imi daz©'lidi.nyl)methy 1] - 

propanoic acid; 
3-[(4'-ChlpTO[Jp,r-bipheny4.].-^^ 

imidazolidinyl)methyl]propanamide; 
3-[(4'-Chloro[l , 1 '.biphenyl]-4-yl)sulfonyl]-2-[(5-isopropyl-2,4-dioxo-l- 
imidazolidinyl)- 

methyl]propanoic acid; 
3-[(4'-Chloro[l,l'-biphenyl]-4-yl)sulfonyl]-24(5-hydroxymethyl-2,4-dioxo-l^ 

imidazolidinyl)methyl]propanoic acid; 
3 -[(4 ' -Chloi-o [ 1 J ' -biphenvylf-4-y l)sulf0^ 

imidazolidi%I-)methy/h]pK0pan0 
3 - [(4 ' -Fluoro [1- 1 ' -biphenyi'il?^4-74*)suM©ny lf]-2- [^^h^^^ niethy Ij^ropaKpiic, acid^ 

34(4'-Fluoro[l J'"biphenyl]-4"yl)sulfonyl]-N-hydroxy-2-[(phenylsulfanyl)^ 

propanamide; 

3-[(4'-Fluoro[l , 1 '-biphenyl]-4-yl)sulfonyl]-2-(phenoxymethyl)propanoic acid; 



3-[(4'-Fluoro[l,r-biphenyl]-4-yl)sulfonyl]-N-hydroxy-2- 
(phenoxymethy Opropanamide ; 

3-[(4'-Cyano[lJ'-biphenyl]-4-yl)sulfonyl]-2-[(phenylsulfanyl)methy^ acid; 
3-[(4'-Cyano[l,r-biphenyl]-4-yI)suIfonyl]-N-hydroxy-2-[(phenylsulfanyl)^ 
propanamide; 

3-[(4'-Cyano[l,r-biphenyl]-4-yl)sulfonyl]-2-(phenoxymethyl)propanoic acid; 

3-[(4'-Cyano[l,r-biphenyl]-4.yJ)sulfonyl].N-hydroxy-2- 

(phenoxymethyl)propanamide; 

3-[(4'-Cyano[l J'-biphenyl]-4-yl)sulfonyl]-2<3-fluorophenoxymethyl)propanoi acid; 
3-[(4'-Cyano[Ur-biphenyl]-4-yl)sulfonyl]-2.[(2- 
acetyleimino)phenoxymethyl]propanoic 
acid; 

3-[(4'-Cyano[lJ'-biphenyl]-4>yl)sulfonyl].24(2.pyridinyIsuifanyl)methyl]pr^^ 
acid; 

3-[(4'-Cyano[l,l'-biphenyl]-4-yl)sulfonyI]-2-[[(2-pyridinylmethyl)sulfan^ 
propanoic acid; 

3-[(4'-Cyano[l,r-biphenyl]-4-yl)sulfonyl]-2-[(3-butyl-2,5-dioxo-l- 
imidazolidinyI)methyl]- 
propanoic acid; 

3-[(4'-Cyano[l,r-biphenyl]-4-yl)sulfonyl]-N-hydroxy-2-[(3-butyl-2,5-dioxo-l- 
imidazolidinyl)methyl]propanamide; 

3-[(4'-Cyano[l,r-biphenyl]-4-yl)sulfonyl]-24(5-hydroxymethyl-2,4-diox 
imidazolidinyl)methyl]propanoic acid; 

3-[[4-(Benzoylamino)phenyl]sulfonyl]-2-[(phenylsulfanyl)methyI]propanoi acid; 

3-[[4-(Benzoylamino)phenyl]sulfonyl]-N-hydroxy-2-[(phenylsulfanyl)met^^ 

propanamide; 

3-[[4-(Benzoylamino)pheriyl]sulfonyl]-2-[[(2- 
pyridinylmethyl)sulfanyl]methyl]propanoic 
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acid; 

3-[[4-(Benz©>ylamin0*)phem5cli|suif^^^ 

3-[[4-(Benz©yJ'amino)phen5^1e]sul;fc)n^^^^ acid; 

3-[[4-[(4-Methylbenzoyl)amino]phenyl]sulfonyl]-2-[(phenylsulfanyl) 
acid: 

3-[[4-[(4-Methylbenzoyl)amino]phenyl]sulfonyl]-N-hydroxy-2- 
[(phenylsulfanyl)methyl]- 
propanamide; 

3-[[4-[(4-Chlorobenzoyl)amino]phenyl]sulfonyl]-2-[(phenylsulfanyI)methyl]pr^ 
acid; 

3-[[4-[(4-Chlorobei!iz0yJ»)amirioJ,phen5^1^ - 
[(phenyl sulfaji^yJ^n^ ^ 
propanajTidd€5*<% 

3-[[4-[(4-Chlprobenz©yl)a^inQil^^^^ acid; 
3-[[4-[(4-*Chlorobenz0y4^amin0j]pheny^^^ 
propanamidetc 

3-[[4-[(4-Chlorobenzoyl)amino]phenyl]sulfonyl]-2-(3-fluorophenoxymethyl)propa^^ 
acid; 

3-[[4-[(4-Chlorobenzoyl)amino]phenyl]suIfonyl]-2-[[(2- 
pyridinylmethyl)sulfanyl]methyl]- 
propanoic acid; 

3"[[4-[(4-Chlorobenzoyl)amino]phenyi]sulfonyl]-2-[[(l-methyl-l H-tetra2ol-5- 
yl)sulfanyl]- 

me thv^il?] p ropan©*i'C*ac i d;.. 
3 -[[4- [(4-Chlor©beiaz©>y-l5)anaii^^^^^ 

imidazolidinyl)methyl]propanoic acid; 

3-[[4-[(4-Cyanobenzoyl)amino]phenyl]sulfonyl]-2-[(phenylsulfanyI)met^^ 
acid; 



3-[[4-[(4-Cyanobenzoyl)amino]phenyl]sulfonyl]-N-hydroxy-2- 
[(phenylsulfanyl)methyl]- 
propanamide; 

3-[[4-[(4-Cyanobenzoyl)amino]phenyl]sulfonyl]-2-[[(l-methyl-lH-tetm^ 
yl)sulfanyl]- 

methyl] propanoic acid; 
3-[[4-[(4-Cyanobenzoyl)amino]phenyl]sulfonyl]-2-(phenoxymethyl)propanoic acid; 
3-[[4-[(4-CyanobenzoyI)amino]phenyl]sulfonyl]-N-hydroxy-2-(phenoxymethyl)-. 

propanamide; 

3-[[4-[(4-Cyanobenzoyl)arnino]phenyl]sulfonyl]-2-(3-fluorophenoxymethyl)propanoic 
acid; 

3-[[4-[(4-Cyanobenzoyl)amino]phenyl]sulfonyl]-N-hydroxy-2-(3- 
fluorophenoxymethyl)- 
propanamide; 

3-[[44(4-Cyanobenzoyl)amino]phenyl]sulfonyl]-2-[(2-acetylamino)phenoxymethy^ 
propanoic acid; 

3-[[4-(4-Propylbenzoylamino)phenyl]sulfonyl]-2-[[(l-niethyI-lH-tetrazol-5- 
yl)sulfanyl]- 

methyl]propanoic acid; 
3-[[4-[(4-Methoxybenzoyl)amino]phenyl]sulfonyl]-2-(phenoxymethyl)propanoic acid; 
3-[(4'-Chloro[l,r-biphenyl]-4-yl)sulfonyl]-24[2-(hydroxynniethyl)phenox^^ 
propanoic acid. 

The compounds of this invention can be prepared by a process starting from a 
compound of formula 4: 
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o 




(4) 



wherein R is H or the residue of a carboxylic acid ester,R, and are as defined 
above and n is 0 or 2, which process comprises: 

(a) hydrolysing a said compound of formula 4 in which R is the 
residue of a carboxylic and ester to give a compound of foiinula (I) in which X is HO-; 
or 

(b) hydroly^sing andfi.opO'idisingv^.n :€?itheE.order«%;a saidt compound of 
formula^j^ in which :n is G and^R%'th^resdjd:Uf^ a 
compound oMopia.uia«^I)lip®?i^hii tb;^^^ M®^mm 

(c) -:^ actiViat%g^saidieonapQHiadfQftfeE^ and n is 
2 to form an a©tivated<GarbaX'^y^group??[Go.mpfeg A 

hydro xylamine or an 6-prot'eGted^dem»vatAvevthere©ifcand, if neeessa^v^depriptecting the 
hydroxamic group to give a compound of formula (I) wherein X is -NHOH; or 

(d) submitting a said compound of formula 4 wherein R is H and n is 
zero to a sequence of reactions comprising oxidation at the sulphur atom, activation of 
the carboxy group, condensation of the activated carboxy group with hydroxylamine or 
an O-protected derivative thereof and, if necessary, deprotection of the hydroxamic 
group to form a compound of formula (I) wherein X is -NHOH, the oxidation step 
being conducted^either-bef©r(e*the*activati®n^ste^^^^^^ after thej^condensation. step; and/or 

(e) if desired?*conwei^mg.a resultdng'^Qpmpound*^^^ into^ 
another.eompounAof^form-uila«(d*)'; an'd'/©r^6onveFtin^gtefe*]Tee»eomp^^ 

pharmaceutically acceptable salt thereof; and/or converting a salt into a free compound. 
The compound of formula 4 may be obtained by 

(a) subjecting a compound of formula 2: 



RO 




(2) 




wherein R, R, and n are as defined above, to conjugate addition by treatment 
with a compound of formula RjH wherein R2 is as defined above; or 



to obtain a compound of formula 4 in which n is zero. 

These processes are depicted in the following Scheme 1, where R, and R2 are the 
groups as defined previously, R is either a hydrogen atom or the residue of a carboxylic 
ester such as methyl, ethyl, n-butyl, tert-butyl, benzyl or benzhydryl, and n is either zero 
or 2. Compound 1, i.e. 2-(bromomethyl)acrylic acid or an ester thereof, is reacted with 
the appropriate ar>'l-thiol in a suitable solvent such as toluene or dimethylformamide 
(DMF) in the absence or presence of a suitable base such as sodium bicarbonate or 
triethylamine (TEA), at ambient temperature or under heating up to reflux temperature, 
to afford a compound 2 wherein n is zero. The corresponding sulfone (i.e., a compound 
2 wherein n is 2) is obtained, if desired, by subsequent reaction with an oxidant such as 
metachloroperbenzoic acid (MCPBA) in a suitable solvent such as dichloromethane 





(3) 



wherein R and R2 are as defined above, with a thiol of formula: 
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(DCM) at 0 "^C or ambient temperature, or using .hy4rQge;nN«peroxide-4n .acidic acid; 
preferably, this KeaMi^riisis pe;BfpEMed•^yith«pot•assfe an 
organic- solvent,' prefeFabKy'»DMf'rdr4n a mixture of water and water-misGrble organic 
solvents such as methanol, DMF or the combination of two,^ at ambient temperature or 
under moderate heating. Alternatively, a compound 2 wherein n is 2 can be obtained 
from compound 1 directly, by reaction with the appropriate arylsulfmate. Preferably, the 
sulfinate is obtained and used as the sodium salt, or as the salt with a tertiary organic 
amine such as N-methylmorpholine (NMM). The sodium arylsulfmate can be 
conveniently obtained by reaction of the appropriate aryl-sulfonyl chloride with sodium 
iodide in acetone, preferably at ambient temperature, and it is isolated be^fore reaction 
with compound 1 , whiek^takesiplaeei^ima S:uitable«solivent-su©h*as«tQ^^^ absenee 
or presen^iof a spittable^feasjgjj^spchta^ ;§pdi3ip biQaj|^n:ate,iat 4tf r^pg5atl4e^^^gngi 
25 ®C tfcJ£jpeflu§c:r^rhe^^^^ 

with 4-tM®jeresoband»MKS$ -50 to - 

78 "^C, land it is reactedti^n^situ vvit'h^d^ornjr^^ to 25 

°C or reflsjiix. „ 

A compound 4 can be obtained from the corresponding compound 2 by 
conjugate addition of a reagent of formula RjH, or a salt thereof, where is as defined 
previously. Thus, when R2 is a group -S-Ar, -S-Het, -S-CHj-Ar or -S-CHj-Het, the 
reagent is the corresponding thiol, or a salt thereof; when Rj is -O-Ar, the reagent is the 
corresponding aromatic carbinol; when R2 is 2,5-dioxo-l-imidazolidinyl or a substituted 
derivative thereof, the reagent is the corresponding 2,4-imidazolidinedione. Said 
conversion from a compound 2 into a compound 4 can be accomplished, under identical 
or similaMeonditi'onsf eithers^when n in 2 is zero-or it is 2; however,^ the preparation jo.f^t 
compoundsMof foFmi^la^4I)^l^®rt^^^^^ i-^ sulfan^y;Hs better performed from, ©ompQi!ind:S#^ " 
where n is 2, because otherwise it is difficult to discriminate between the two sulfur 
atoms in the following oxidative step. Typically, the conjugate addition of said 
mercaptans and aromatic carbinols to a compound of formula 2 is accomplished using 



17 



the reagents neat, or in a suitable organic solvent such as DCM, DMF, toluene, 
tetrahydrofuran (THF), acetonitrile (MeCN), methanol or ethanol, at temperatures 
ranging from ambient to reflux, in the absence or presence of a suitable base such as 
sodium bicarbonate, sodium carbonate, TEA, sodium methoxide or sodium ethoxide, 
preferably under a nitrogen blanket. When the reagent is 2,4-imida2olidinedione or a 
substituted derivative thereof, the conjugate addition to a compound 2 is preferably 
performed in toluene or DMF in the presence of a suitable base such as sodium 
bicarbonate, TEA, NMM and the like, at a temperature ranging from ambient to reflux, 
preferably between 50 and 110 ^C; alternatively, a preformed salt of said reagent can be 
used, especially sodium, potassium and lithium salts, which can be obtained by 
treatment with suitable strong bases, especially sodium hydride, potassium 
hexamethyldisilazide, potassium tert-butoxide and butyllithium, in a suitable organic 
solvent. 

When a compound 4 where n is zero is obtained by the methods above, it may be 
converted, if desired, into the corresponding compound where n is 2 by oxidation, under 
the same conditions described previously for the oxidation of a compound 2 where n is 
zero to a compound where n is 2. 

Alternatively, a compound 4 can be obtained from a compound 1 through the 
intermediacy of a compound 3. This alternative route provides advantages when the 
reagent R2H is reluctant to the conjugate addition to a compound 2, e.g. when R2H is 
2,5-dioxo-l-imidazolidine, and particularly when it is 4,4-dimethyl-2,5-dioxo-l- 
imidazolidine and the N-alkyl derivatives thereof. In the first step, said reagent RjH is 
condensed with the bromomethylacrylate 1 to provide 3. Typically, the reaction is 
performed in a solvent such as DMF or toluene, at temperatures ranging from 50 °C to 
reflux, and preferably in the presence of sodium bicarbonate. In the following step, 
conjugate addition of the suitable aryl-thiol to the intermediate 3 provides a compound 4 
where n is zero. This reaction can be performed under the same conditions described 
above for reaction of 2 with a mercaptane RjH to provide 4. 
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Compounds 4 where R is a hydrogen atom and n is 2 are^specifLcalLy. represented 
by structure 5 and-as«»suGhgsare a first*^:obj,e©t% oft thisMnvention^^^ 
formula (I) wherein X is hydroxy (the 'carboxylates'). Compounds 4 where R is the 
residue of a carboxyiic ester, as defined previously, and n is 2, are converted to said 
final compounds 5 by hydrolysis, according to the general methods known in the art 
such as using 6N HCl in acetic acid and refluxing for 10 to 20 hours or using 
iodotrimethylsilane in chloroform. When the R group is benzyl and R2 is not a sulfanyl 
residue, a preferred method to obtain the free acid is hydrogenolysis, especially in the 
presence of a palladium catalyst such as Pd on charcoal, in an inert organic solvent such 
as ethanol or DMF or the like, typically at room temperature and under^atmospheric 
pressure.or modemtei^presswe^-^ the R^groupas tertTbut^yl, a prefeimed* method for 

obtainingj%the^freeiifa©^^^ witha»H<il, or^tri#uarv©,ciGejLi^^ prganic 

solvents. :sucteas ©®I?lipCMil|feMe®N-and»tto^^ 
methanol onethanoi^,-at'*temp^^a|tiEesi?Fan 

Comp<3jmds«4^ ^h^peHR. is -the-residu^of^a cacbo^^lic esteesrand^n is zero are 
converted to compomnds^ by-a tworstep procedure involving oxidation an^^ hydrolysis, 
or hydrolysis and oxidation, as preferred. Conditions for oxidation and hydrolysis are 
the same as described above. 

Compounds 4 where R is a hydrogen atom and n is 2, which have structure 5, 
are converted to compounds 6, which specifically represent the second object of this 
invention, i.e. structure (I) wherein X is -NHOH (the 'hydroxamates'), by activation of 
the acid and coupling with hydroxylamine or an O-protected derivative thereof. This 
reaction can bd pertfori3aed«tr^by-sev*eFal* routes-well known to those skilled4n the art. For 
example, -the acid. can>^be vactivated-^as^ its chloiiide^^er a mi^ed^^anh^dride^^^A iDrefenred 
method for activatd'®masa^he»aGid^©hloiride*is reaGtdoiiM»withc.oxaKyl Ghi0rfid.^*typiGa%-iiii3^^ 
DCM containing DMF as a catalyst, at 0 °C to ambient temperature. A preferred method 
for activation as a mixed anhydride is reaction with a chlorocarbonate such as 
chloroethylformate in anhydrous THF or a similar compatible solvent, in the presence of 



a tertiary amine such as TEA, NMM and the like. Alternatively, the acid can be 
activated by a carbodiimide condensing agent such as dicyclohexyicarbodiimide (DCC) 
or 1 -(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (WSCDI, water 
soluble carbodiimide), preferably in the presence of 1 -hydroxybenzotriazole (HOBt) in 
an inert organic solvent such as DMF at 0 °C to room temperature. Another method for 
the activation of the acids of formula 4 where R is hydrogen is reaction with 
benzotriazoly 1- 1 -y Ioxy-tris(dimethylamino)phosphonium hexafluorophosphate (BOP 
reagent) in a suitable organic solvent such as MeCN, THF or DCM in the presence of a 
tertiary amine such as TEA or NMM. A further method is reaction with O- 
benzotriazolyl-N,N,N',N'-tetramethyluronium hexafluorophosphate (HBTU) or O- 
benzotriazolyl-N,N,N\N'-tetramethyluronium tetrafluoroborate (TBTU), under 
conditions similar to those described for the BOP reagent. When the activation is 
performed with oxalyl chloride, the acid chloride is usually isolated crude before 
reaction with the hydroxylamine reagent; when with chloroethylformate, EDC or 
WSCDI, the hydroxylamine reagent is preferably added after about 1 hour at room 
temperature; when with the BOP reagent, HBTU or TBTU, the hydroxylamine reagent 
is O-protected and it is preferably added from the beginning. Suitable O-protected 
hydroxylamines are 0-(benxyl)benzyIhydroxylamine, 0-(tert-butyl)hydroxylamine, O- 
(tetrahydropyranyl)-hydroxylamine, 0-(trimethylsilyl)hydroxylamine and 0-(tert- 
butyldimethylsilyl)-hydroxylamine, the first two being preferably used as their 
hydrochlorides and freed in situ by a tertiary amine such as TEA or NMM. 
Alternatively, when activation of the acid is performed with oxalyl chloride or WSCDI, 
the unprotected hydroxylamine (e.g., as the commercial 50% solution in water) or the 
hydrochloride thereof can be used, either in the organic solvents specified above or after 
dissolution in water or in a mixture of water and THF. Suitable conditions for the 
condensation step vary according to the activation method. Typically, when activation is 
by the acid chloride method, the reaction is fast and is complete within 1-5 hours at 
temperatures ranging from 0 ""C to 25 ""C; otherwise it can be slower, usually requiring 



stirring overnight, at ambient .temperature -or even, 1-5 days - When, jan-iD-protected 
hydroxy laming-, is- usediicin ajthe**. condensatio,n»,theiirrea©tdon!Wi'aife^fds*'0-pr®teGted.> 
hydroxamate.^ derivatives?" and- the desired free-hydroxamates 6 are-obtained after 
removal of the proteeting group. In particular, when 0-(benzyl,)hydroxy lamina is used, 
deprotection is performed by hydrogenolysis, preferably with a palladium catalyst such 
as 5% Pd on charcoal, 5% Pd on BaSO^, or palladium hydroxide on carbon (Pearlman's 
catalyst), typically in methanol or ethanol. When 0-(tert-butyl)hydroxylamine is used, 
the free hydroxamate can be obtained after treatment with neat or aqueous 
trifluoroacetic acid, or with HCl in DCM. When 0-(tetrahydropyranyl)hydroxylamine is 
used, the free hydroxamate is rapidly obtained-by rea©t.i«H-.with-4NvaqufausSH©I-in 
suitable organic solvents or mixtures thereof, e.g. dioxane and^mefeanole-. When O- 
(trimethyIsilyl)hydf03Q4aftii»«!iri$ -tusoMlepipalestioi^-j? wsiaallsSfadaies^iaji^M^g^o'rk up, 
e.g. by partitioning, -of the!(f;eondensati©n«s.mix-tUFe betayeenesethy/lgiacejtateiandfcdiluted 
hydrochloric acid. When.0<4eEt-but9c4di.EHethyisi^^^^^^^ 

can be »achieved by''HF*or»flij0r.ide»salts*-prefer-ablywith teteabmt^^ljamiES&nium flubride, 
in a suitabje. gii;g:ajiiji^o4iJf iS>§uejiias^H-^^^ o^^ 

Compounds 4 where R is a hydrogen atom and n is zero are converted to 
compounds 6 by a sequence involving oxidation at the sulfiir atom, activation of the 
carboxy group, condensation of the activated carboxy group with hydroxylamine or an 
O-protected derivative thereof and, when required, unmasking of the free hydroxamic 
group. The oxidation can be performed first, i.e. on said compounds of formula 4, as 
described previously for the oxidation of a compound of formula 2 where^-n is zere to 
the corresponding compound where n is 2. Alternatively, the oxidation can be 
performed^at a lateF-stagey i.e. on the O-protected or free hydroxamic acid^^in-which case 
a preferred, roxidant'. is oxonerin a suitable orgagi,©* solvent such as DMUf^mieetuie of 
water and one or two water miscible organic solvents, such as methanol, ethanol, DMF 
and THF, at a temperature ranging from 5 to 25 °C. Conditions for the other steps of the 
sequence, i.e. activation of the carboxy group, coupling with hydroxylamine or a 
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protected derivative thereof and, if required, deprotection, are the same as described 
previously. 



SCHEME I 

5 




5; Compounds (I) where X is HO- 6: Compounds (I) where X is HO-NH- 



In some cases, minor modifications of the general procedure indicated in 
Scheme 1 can be used to obtain compounds 4. For example, conversion of a compound 
2 into a compound 4 wherein is a sulfanyl residue can be achieved in two steps, the 
first involving addition of HBr to a compound 2 to obtain the bromomethyl derivative, 
which is then reacted with the thiol which R^H can represent. This two-step procedure 
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can be convenient , for less reactiye thiols, in particjular.j^hen,a2 lis -S-GHs-Ar .or -S- 
CHj-Hett A prefera-ed»s®i»Yent)rfor*the«addiiti0n'of-M®^to-a.6 i's'aeetic acid, 

usually at ambient tempeFatee^^The thioi is preferably reaetedrwith-sai'd^bromomethyl 
intermediate in the- presence on an organic or inorganic base such as TEA, NMM, 
sodium bicarbonate, potassium carbonate and the like. Less reactive thiols can be 
advantageously reacted after conversion to salts thereof, e.g. by treatment with 
potassium hexamethyldisilazide at low temperature in a suitable organic solvent such as 
THF, and reacted in situ with the compound 2. The bromomethyl intermediate, or the 
corresponding carbinol, can also be used to obtain compounds 4 wherein is 2,5- 
dioxo-I-imidazolidinyl. In particular, the bromomethyl -der.i.v,ati.v.e 'Gan«(be«rreacted .with 
2,4-iraidaz®;lidine.dione*.v or;*;a ..deBikV.ati^v,ev^thr,eEe.©feunder«^ to - that 

described abo^ff^ewfofaFeaetianrwithia t.hii&i?i[^ the 
same-reagent^undgrsMtt§®ia0ibia«eondiiiorisM.e»inj^ 

and diethyl' azo.die:ariboK\y4atefiinw©MiEa^^ tempeEatUStstEianging^'from 0 to<SoZ'='C. 

ThS)?eomp-'©unds«©Mopmula4I) whei?ein*R^is -a.^.-ddexoa -imidaz®I-idinyl-can be 
obtained by the variant deseFibed4n Scheme^I b&low» As therein-outlined, an aminoacid 
H2N-CHR3-COOH where R3 is a hydrogen atom, C,^ straight or branched alkyl or 
benzyl, or a salt or an ester thereof, especially the methyl or ethyl esters, is condensed 
with compound 1, as defined in Scheme I, to obtain a compound 7 where R, R3 are as 
above defined, and R' is either a hydrogen atom or methyl or ethyl. This reaction is 
carried out in a suitable organic solvent, with or without a base, at temperatures ranging 
from 0 to 50 °C, preferably around ambient temperature. A preferred solvent-is D.MF: 
preferred bases,-whieh»eaniibe-present«in amountS'4variable*to a cataKyliG-one^to^S molar 
equivalents,-are tertiary amin«s?»sueh,!as«irEA^j4NMM^Hun.ig4§ base-*and«t.he'Jlike*The . 
obtained -eompoiMd"S^ is itMii«Fea©te(Mwittersodi.uma©r"«pot-^^^^^ an 
isocyanate of formula R4-NCO where R, is C,^ alkyl, phenyl or benzyl, to obtain an 
intermediate urea, which is cyclized to a compound 8 where R, Rj and R^ are as defined 
above, in a suitable organic solvent such as THF. dioxane, MeCN, DMF and the like, at 
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temperatures ranging from about 20 °C to reflux. Said compound 8 is then reacted with 
an aryl thiol of formula Rj-CfiH^-SH to obtain a compound 9 where R, is as above 
defined and n is zero. Typically, the conjugate addition of said aryl thiol to a compound 
8 is accomplished in a suitable organic solvent such as DCM, DMF, toluene, 
5 tetrahydrofuran (THF), acetonitrile (MeCN), methanol or ethanol, at temperatures 
ranging from ambient to reflux, in the absence or presence of a suitable base such as 
sodium bicarbonate, sodium carbonate, TEA, sodium methoxide or sodium ethoxide, 
preferably under a nitrogen blanket. Conversion of a compound 9 where n is zero into a 
compound 9 where n is 2 is accomplished under the conditions previously described in 

10 Scheme I, preferably with Oxone® in an organic solvent such as DMF or in a mixture of 
water and water-miscible organic solvent such as methanol, DMF or the combination of 
two, at ambient temperature or under moderate heating. Alternatively, the same 
synthetic sequence is earned out on a compound 2, as defined in Scheme I, to obtain the 
same compound 9 via 10. Compounds 9 where n is two and R is a hydrogen atom are 

15 the desidered compounds of formula (I) where X is HO- and R2 is 2,4- 
dioxoimidazolidin-l-yl. The corresponding compounds of formula (I) where X is 
HONH- are obtained, if desired, as described previously (Scheme I) for the conversion 
of a compound 5 into a compound 6. 

SCHEME II 

20 
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When required or convenient, chemical modifications of the group R, or Rj in 
intermediates 2, 3, 4 and 9 can be performed in the above processes to obtain the final 
5 compoundsnof formiala«(d). Fof^exampliey^a eompemd 3 or 4 wheEeMisB^^is^a^SSdioxo^l- 
imidazol idinyl having-the^3 -nitrogen- at0m-unsubstituted*ean*be«al^^^^ .atom t© 

obtain*^ the^Gon^e5p0ndiF?gi*N%l»k^^^^ 

presence of potassium carbonate. When Rj and R2 in the final compounds of formula (I) 
are, or contain, a reactive functional group, e.g. amino and hydroxy, these groups can be 
0 protected at the appropriate stage and and unmasked when convenient, according to 
conventional methods well known in the art. 



The chemistry in Scheme I and II proceeds through achiral or racemic 
intermediates, unless a substituent in R, or Rj is chiral and enantiopure, or the aminoacid 
used in Scheme II for the preparation of compound 7 or 10 is chiral and enantiopure. 
When desired, pure enantiomers of the final products, in particular compounds of 
formula (I') above, may be obtained from racemic compounds (I), or racemic 
intermediates thereof, by methods well known to one skilled in the art. For example, 
racemic carboxylates, including compounds (I) where X is HO- and intermediates 4, 9 
where R is a hydrogen atom and n is zero, or intermediates 10 where R is a hydrogen 
atom, can be resolved by chiral salt formation, for example with enantiopure 1- 
phenylethylamine, brucine, ephedrine, strychnine, morphine. Alternatively, final 
racemic compounds or racemic intermediates can be resolved by chiral chromatography. 
By another method, carboxylic esters, preferably methyl, ethyl and butyl esters, can be 
selectively hydrolysed to chiral acids by lipases and esterases. By a still different 
procedure, racemic carboxylic acids can be converted to diastereomeric esters with 
chiral alcohols such as bomeol, menthol and the like, which are then separated by 
crystallization or conventional chromatography. Alternatively, when in the acrylates of 
formula 2, 3, 8 in Schemes I and II R is the residue of a chiral alcohol such as bomeol, 
menthol and the like, diastereomeric compounds 4, 9 10 are obtained, and variable 
degrees of diastereoselectivity can be achieved. 

The present invention further provides a compound of formula (I) as defined 
above for use in a method of treatment or prophylaxis of a disease mediated in a 
mammal by a matrix metalloproteinase, especially the gelatinases (MMP-2 and MMP- 
2), the membrane-type MMP involved in gelatinase activation (MMP-14), the 
stromelysins (MMP-3 and MMP- 10), collagenase-3 (MMP- 13) and neutrophyl 
coUagenase (MMP-8). Diseases for which the compunds of the present invention are 
particularly intended are: tumor growth and metastasis; rheumatoid arthritis and 
osteoarthritis; ophthalmic diseases, in particular age-related macular degeneration and 
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diabetic retinopathy; cardiovascular^ fdiseaseSj> .in .particular. vrestinQsis,;.^.periadontal 
diseases>muItdipk#s.Glerqsis*^4^1zhe^^^ 

The compounds-of the present inventionk^are typically administered^ in the form 
of pharmaceutical Gomppsitions, which can^jbe prepared-by combining the compounds of 
formula (I) or (F) or salts or hydrates or solvates thereof with a solid or liquid 
pharmaceutically acceptable carrier, and, optionally, with pharmaceutically acceptable 
adjuvants and excipients, employing standard and conventional techniques. In particular, 
said compounds can be administered: 

a) orally, for example, as tablets, coated tablets, capsules, troches, lozenges, 
aqueous or oily suspensions, dispersible powders or-graBulesr 'emulsions^haiidiior soft 
capsules, or syrups or elixirs. CompositionSfintendedir.for!moraKuse*.^^^ 
according to any method^vlqa0iWiawai «thef«iaM^^ 

compositions and such eonap©sitdms»may-iGontainr 0ne*r©r'^m©re'»'agents«sete^^^ the 
group consisting of sweetenmg^gentstiifl^^^om'ng^g 
agents in order to provide«phaj?maGeut4ealdv>^ele^ant*a^ 

contain the acij^e Jng^iggyfe^in ;admkto||^ aec^eptable 
excipients which are suitable for the manufacture of tablets. Tliese excipients may be for 
example, inert diluents, such as calcium carbonate, sodium carbonate, lactose, calcium 
phosphate or sodium phosphate; granulating £Uid disintegrating agents, for example, maize 
starch, or alginic acid; binding agents, for example starch, gelatin or acacia, and 
lubricating agents, for example magnesium stearate, stearic acid or talc. The tablets may 
be uncoated or they may be coated by known techniques to delay disintegration and 
adsorption in the gastrointestinal tract and thereby^provide a sustained action over a longer 
period:r*^Fof ' ♦example;^ a time -delay materiaksucht as - glycery l monostearate or glyceryl 
distearate^*mayiSibe*empl©iyed.iiFonaiulatd^ use may also be presentedi^as ihard 

gelatin capsules wherein the active ingredient is mixed with an inert solid diluent, for 
example, calcium carbonate, calcium phosphate or kaolin, or as soft gelatin capsules 
wherein the active ingredient is present as such, or mixed with water or an oil medium, for 



example, peeinut oil, liquid paraffin, or olive oil. Aqueous suspensions contain the active 
materials in admixture with excipients suitable for the manufacture of aqueous 
suspensions. Such excipients are suspending agents, for example, sodium 
carboxymethylcellulose, methylcellulose, hydroxypropylmethylceiluiose, sodium alginate, 
polyvinylpyrrolidone gum tragacanth and gum acacia; dispersing or wetting agents may be 
naturally-occurring phosphatides, for example lecithin, or condensation products of an 
alkylene oxide with fatty acids, for example polyoxyethylene stearate, or condensation 
products of ethylene oxide with long chain aliphatic alcohols, for example 
heptadecaethyleneoxycetanol, or condensation products of ethylene oxide with partial 
esters derived from fatty acids and a hexitol such as polyoxyethylene sorbitol monooleate, 
or condensation products of ethylene oxide with partial esters derived from fatty acids and 
hexitol anhydrides, for example polyoxyethylene sorbitan monooleate. The said aqueous 
suspensions may also contain one or more preservatives, for example, ethyl or n-propyl 
p-hydroxybenzoate, one or more coloring agents, one or more flavoring agents, or one or 
more sweetening agents, such as sucrose or saccharin. Oily suspension may be formulated 
by suspending the active ingredient in a vegetable oil, for example arachis oil, olive oil, 
sesame oil or coconut oil, or in a mineral oil such as liquid parafFm. The oily suspensions 
may contain a thickening agent, for example beeswax, hard paraffin or cetyl alcohol. 
Sweetening agents, such as those set forth above, and flavoring agents may be added to 
provide a palatable oral preparation. These compositions may be preserved by the addition 
of an antioxidant such as ascorbic acid. Dispersible powders and granules suitable for 
preparation of an aqueous suspension by the addition of water provide the active 
ingredient in admixtuure with a dispersing or wetting agent, a suspending agent and one or 
more preservatives. Suitable dispersing or wetting agents and suspending agents are 
exemplified by those already mentioned above. Additional excipients, for example 
sweetening, flavoring and coloring agents, may also be present. The pharmaceutical 
compositions of the invention may also be in the form of oil-in-water emulsions. The oily 
phase may be a vegetable oil, for example olive oil or arachis oils, or a mineral oil, for 
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example liquid paraffin or mixtures .of these. Suitable emulsifying agents may be 
naturally-occurring*^gumsy»for<iexample^g<um^aea©ia^ 

phosphatidesr for example soy bean, lecithin, and-estCFS or paistial esters derived^^^rom fatty 
acids and hexitol anhydrides, for example sorbitan mono-oleate^ and^ condensation 
products of the said partial esters with ethylene oxide, for example polyoxyethylene 
sorbitan monooleate. The emulsion may also contain sweetening and flavoring agents. 
Syrups and elixirs may be formulated with sweetening agents, for example glycerol, 
sorbitol or sucrose. Such formulations may also contain a demulcent, a preservative and 
flavoring and coloring agents; 

b) parenterally,. either subeutaneously-, or intravenously, .or-intFammsculariy, or 
intrastemally, or by infusiont^iteehnigiUes, in the^form of *steBide*^inj.ej^t5ableliaqup 
pleaginous^ suspensi©ns*iflTfl'sj?sus^^ 

using |those*suitaMer«dispfEsing^<^^^ 

mentioned above.x TlTejwSteB^^^^^ ^stenieMnj ectaible 

solution^ or suspensi©n**^n^a non^e)?a€»pai«eriteral!l^{' acceptable -dil^ for 
example as a soluta©n'% ^%3-buta|ie dioKAm that 
may be employed are water, Ringer's solution and isotonic sodium chloride solution. In 
addition, sterile, fixed oils are conventionally employed as a solvent or suspending 
medium. For this purpose any bland fixed oil may be employed including synthetic 
mono- or diglycerides. In addition fatty acids such as oleic acid find use in the preparation 
of injectables; 

c) topically, in the form of creams, ointments, jellies, plasters j -collyriums,^ 
solutions or suspensions; ^ 

d) rectally, in the^^^form" of^suppositopies prepared >by mixing the^ drug with a 
suitable non-irritatirig'?;!|^^©ipient^ solddf at .©jd-inary; tempgrratureibut-wliqiijiid^at the; 
rectal temperature and will therefore melt in the rectum to release the drug. Such 
materials are cocoa butter and polyethylene glycols. 
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The compounds of this invention are advantageously administered orally in solid 
and liquid dosage forms. Daily dosages can vary within wide limits and will be adjusted to 
the individual requirements in each particular case. As a rule of thumb, a compound of 
formula (I) or (F) is advantageously administered at a dosage and frequency to achieve 
5 and maintain, for the whole period of therapy, a blood level in free drug (i.e., not bound to 
plasma proteins) ranging from about 1 to about 100 times its Ki against the most relevant 
MMP for the particular disease state, e.g. MMP-2 for cancer. Thus, the daily dose may be 
divided into muhiple doses for administration, e.g. two to four times per day, which is 
generally expedient for compounds of formula (I) or (V) wherein X is HO-NH-; or, in the 
10 case of particularly favorable pharmacokinetics, which can be found in compounds of 
formula (I) or (F) wherein X is HO-, the drug can be given daily, or even at alternate days. 
Generally, an amount of the active compound effective in adult patients will be in the 
range of 1 to about 500 mg, but it is to be understood that such range may be exceeded 
depending on the particular compound being used, the severity of the disease being 
15 treated, and the requirement of the patient. ■ 

The compounds of the present invention and their preparation will be better 
understood in connection with the following examples, which are intended as an 
illustration of and not a limitation upon the scope of the invention. 

EXAMPLE 1 

20 Preparation of 3-[(4'-chloro[l,r-biphenyl]-4-yl)sulfonyl]-2-[(phenylsulfanyl)methyl]- 
propanoic acid. 




Step 1. 4'-Chloro[l,r-biphenyl]-4-sulfonic acid. 



To a stirred soltition of 4-chlpxobipheniyl (21 g) in 150 mL,of chloroform, cooled 
at -5 °C, was added^dmpwisef©^^ TKS'^eooling bath 

was removed^andi»;t<heHmixtUFe*wasiestirred»'for 1 hour. Evaporation in vacuo-left the title 
compound as a^syrup. - 

Step 2. 4'-Chloro[l,r-biphenyl]-4-sulfonyl chloride. 

The crude product from step 1 was dissolved in thionyl chloride (100 mL) and 
refluxed for 1 hour. The solvent was removed in vacuo and the resulting solid was 
stripped twice with toluene (150 mL). 
Step 3, 4'-Chloro[l,r-biphenyl]-4-thiol. 

4'-Chl0F©[l<«tl '-biphenyl]-4-sul"'f0iayl eh'l®ride^(30^g)*was*add€d ^portion wis"e::to a^-stiired 
solution of tin(II) chloride, dih5idcatejfe(«0%g) in cone. HCl (50<ml^;)^andmwater^^^^^^ at 
90-95 *^C. The resulting yeU0w**sluK^'^was*stiFredw^^^ ho.ur«at«the^safn]^<e 
After coolings the precipitatei^was^^eoH^isted by filtration, thoFOAagMyj^wash^iiwi^ 

and^drijed totafford 2V^g.Q^Sf^^^cMm^^.,\ '-biphenj^fl^^|l^isail*ide|l^ ^C. 
This material was*diss0h/ed^in^HF^2tO mb) and^eonc^^Hei (25 nifei)Jvand^Zri^>powder 
(20 g) was addgd«w\inder *stiiT4ng.-A^^^^^ 

the Zn was removed and rinsed with THF. The clear solution was concentrated in vacuo 
and partitioned between chloroform (450 mL) and brine. The organic phase was dried 
over anhydrous sodium sulfate and evaporated to leave 19 g of the title compound, mp 
154-157 °C. 

Step 4. 2-[[(4'-Chloro[l,r-biphenyl]-4-yl)sulfanyl]methyl]acrylic acid. 

The thiol from step 3 (22 g) and 2-(bromomethyl)acrylic acidM(18 -g)«•were- 
dissolved in lOOvmL ofvDM«F and? 'Stirred- at 30 °C for 2 days under^ia-^low^^stream of 
nitrogens* The reaotion'^mixture. was^^diluted with; ethyl acetate^ (400*!ml5)^andr washed 
several tirri:es;t^witte'brine^vint«i4»neutT'^^^^^ 

sodium sulfate and evaporated in vacuo to obtain a crystalline mass. After addition of 
diethyl ether (150 mL) and swdrling, the solid was collected by filtration, washed twice 
with ether, and dried to afford 21 g of the title compound, mp 191-195 ''C. 



Step 5. 2-[[(4'-Chloro[l,r-biphenyl]-4-yl)sulfonyl]methyl]acrylic acid. 

The material from step 4 above (20 g) was dissolved in 100 mL of DMF and 
added dropv^^ise to a stirred solution of Oxone® (105 g) in 300 mL of water at 45-50 °C. 
After stirring for 5 hours, water (1 L) was added. The solid was collected by filtration, 
washed several times with water, then twice with ethanol (100 mL) and dried to provide 
21.5 g of the title compound, mp 178-181 °C. 

Step 6. 3-[(4'-Chloro[l,r-biphenyI]-4-yl)suIfonyl]-2- 

[(phenylsulfanyI)methyl]propanoic acid. 

Under a low stream of nitrogen, thiophenol (20 mL) was added to a stirred 
solution of the material from step 5 above (20 mg) in 35 mL of DMF. After stirring at 
35 °C for 2 days, the reaction mixture was diluted with ethyl acetate and treated 
dropwise with a solution of iodine (21 g) in 75 mL of THF. The resulting brown 
solution was washed until complete decolorization with a solution of sodium 
metabisulfite (10 g) in 300 mL of water. After washing with brine and drying over 
anhydrous sodium sulfate, the solvent was removed and the residue was filtered through 
a short pad of silica gel (450 g), eluting with chloroform, to obtain 23 g of the title 
compound, mp 158-162 °C. 

'H NMR (400 MHz, CDCI3): 5 3.06 (m, 2H), 3.33 (m, IH), 3.60 (dd, J= 3.4 and 
14.2 Hz, IH), 3.68 (dd, J= 7.3 and 14.2 Hz, IH), 7.22 (m, 5H), 7.50 (m, 4H), 7.68 (d, J= 
8.4 Hz, 2H), 7.88 (d, J= 8.4 Hz, 2H) [COOH: not seen]. MS (EI): m/z 446, 252, 194, 
152, 149, 1 10. Anal. Found C. 59.32; H, 4.44; S, 14.32. 

EXAMPLE 2 

Preparation of sodium 3-[(4'-chloro[l,l'-biphenyI]-4-yl)sulfonyl]-2- 

[(phenylsulfanyl)methyl]-propanoate. 

Sodium hydroxide (1 M, 48 mL) was added to a solution in methanol (75 mL) of 

3-[(4'-chloro[l,r-biphenyl]-4-yl)sulfonyl]-2(i?5)-[(phenylsulfanyl)-methyl]propanoic 
acid (20 g, obtained as described in Example 1). Charcoal was added and the mixture 
was filtered. Concentration of the filtrate to 1/3 of the original volume ftimished a shiny 
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precipitate, which^was coUeGtedAy filtration^ andji^s^q-u^ntialli^^^^ 

ethanol >and% diethyl ether.r Drying*. to^^^a iG0ns:taiat|Kyve;ighJ^^ % of the-^title ^* 

compound as white crystals; 

EXAMPLE 3 

Preparation of (25)-3-[(4'-chloro[l,r-biphenyl]-4-yl)sulfonyl]-2- 

[(phenylsulfanYl)methyl]-propanoic acid and of (2y?)-3-[(4'-chloro[l,r-biphenyl]-4- 
yl)sulfonyI]-2-[(phenylsulfanyl)-methyI]propanoic acid. 

Racemic 3-[(4'-chIoro[l,r-biphenyl]-4-yl)sulfonyl]-2-[(phenyIsulfanyl)rnethyl]- 
propanoic acid , prepared as described in Example 1, was eluted over Chiralpak AS 
(Chiral Technologi€s)^with.ethan0U+ 0.05% trifluoiJoacetdc^acid^V'A^^^ mILvJmin, 
monitpring-|!yb% abs,©EbmQe*^a tj^g 
vacuo«t©'&xieM»%eAt>il>l.ej|ej^ 

Rfs.= 12.03mm»40ftt:e??2€2ema©ffiEal^^ O.0§j?^liCFjX-)r[a<]*D = 

+47.8° (c= O.Sm/6f EtQWf^ Abs0iuteB«confi'gu»ati©n?f» estaMS^^^ X-Ray 
crystallography. 
ISOMER 2, (2R) configuration: 

Rf= 15.0 min (0.46x25 cm Chiralpak AS, ethanol + 0.05% TFA); [aj^'o = -43° 
(c= 0.83%, EtOH). 

EXAMPLE 4 

Preparation of 3-[(4'-chloro[l,l '-biphenyl]-4-yl)sulfonyl]-N-hydroxy-2- 

[(phenylsulfanyl)-methyl]propanamide. 
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TBTU (0,72 g) was added portionwise to a stirred solution of N- 
methylmorpholine (0.5 mL) and O-tert-butyl hydroxy lamine hydrochloride (0.43 g) and 
3-[(4'-chloro[l,r-biphenyl]-4-yl)sulfonyl]-2-[(phenylsulfanyl)methyl]-propanoic acid 
(0.5 g) in 20 mL of DMF and 20 mL of acetonitrile cooled at -5°C. After stirring at 
5 ambient temperature overnight, the resulting solution was diluted with ethyl acetate and 
sequentially washed with 0.1 M citric acid and 0.1 M NaHCOj. After drying over 
anhydrous sodium sulfate and removal of the solvent, the crude reaction mixture was 
treated with trifluoroacetic acid (10 mL) and kept aside for 6 hours. The solvent was 
removed and the residue was partitioned between ethyl acetate and 0.1 M NaHCOj. 
10 After drying, the solvent was evaporated off and the residue was chromatographed on 
silica gel eluting with chloroform/cyclohexane 2/3 to afford, after crystallization from 

ethyl acetate, 0,35 g of the title compound, mp 

•H NMR (400 MHz, DMSO-d,): 5 2.70 (m, IH), 3.09 (d, J= 7.8 Hz, 2H), 3.61 
(m, 2H), 7.20 (m, 5H), 7.58 (d, J= 8.3 Hz, 2H), 7.78 (d, J= 8.3 Hz, 2H), 7.90 (m, 4H), 
15 8.95 (s, IH), 10.81 (s, IH).. MS (EI): m/z461, 400. 

EXAMPLE 5 

Preparation of 3-[(4'-chIoro[l,r-biphenyI]-4-yl)suIfonyl]-2-[(3,4,4-trimethyl-2,5-dioxo- 
1 -imidazolidinyl)methy IJpropanoic acid. 




imidazolidinyl)methyl]propanoic acid 



To a stirred solution of a-bromomethylacrylic acid (1.65 g) and NaHC03 (1-7 g) 
in 25 mL of DMF was added 3,4,4-trimethyl-2,5-dioxo-imidazoIidine (2.13 g) and the 
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resulting suspensionv* was»^heat!^ci«^3t ^75°C foiv>3 h. :Aft^r**ii.disapB4a^ 
bromomethyia<^ryl>ie'*acidv;chpe'k and#M®CC;"thewsokti©mwasi^ 0>5''C,. 

and 4'-chIoro[l,r-biphen5^1]«4-t'hiol (3.3 g) was- added^^ After stirrmgis^^ room 
temperature, the solution was diluted with ethyl acetate and washed thoroughly with 0. 1 
M citric acid. After drying and removal of the solvent, the residue was chromatographed 
on silica gel eluting with chloroform/cyclohexane 1/1 to provide, after crystallization 
from ethyl ether, 2.4 g of the title compound, mp 148-150 ""C. 

Step 2, 3-[(4'-Chloro[l,r-biphenyl]-4-yl)sulfonyI]-2-[(3,4,4-trimethyl-2,5-dioxo-l- 
imidazolidinyl)methyl]propanoic acid. 

A solution of 3-[(4'-chloro[l,r-biphenj4l^-4-yl)sudfan*yl]-2^^^^^ 
dioxo-l-imidazolidiHy4i)i^eJ%5^1i}^^ g) ins^SO %ml^ofitPW&^was added 

dropwise to a stiRBedfrsolpiti^m^ti^ water 
at 45°C: Aftiei^fStiFringtgoiiie h;ttJi^<®liv%n^«^ 

between ©thy^aceJat^andwMiiiia^^ gel 
elutingnwith ehloroforrn-to^umishjB .9 g^offthmitle compoud as a whfefoamtA^ 

'H NMR (4O0^MHz, DM'S@-(^,): 5 k22<s, 3H), 1.24 (s, 3H>, 2.74 (s, 3H), 3.02 
<m, IH), 3.5-3.7 (m, 4H), 7.57 (d, J= 8.3 Hz, 2H), 7.79 (d, J= 8.3 Hz, 2H), 7.94 (m, 4H), 
12.85 (broad s, IH). MS (EI): mix 478, 433, 252, 211, 152, 56. Anal. Found C, 54.89; 
H, 5.15; N, 5.64; S, 6,53. 

EXAMPLE 6 

Preparation of (2i?)-3-[(4'-chloro[l ,r-biphenyl]-4-yl)sulfonyl]-2-[(3,4,4-trimethyl-2,5" 
dioxo-l-imidazolidinyl)methyl]propanoic acid and of (25)-3-[(4'-chlorO[4,l '-biphe;nyl]- 
4-yl)sulfonyl]-2-[(3,4,4-trimethyl-2,5-dioxo« 1 -imidazolidinyl)methyt]propanoie^acid. 

Raeemic 3-[(4'-chlor0|frl , 1 ' ^h^^^Bi^Wj^^ . 
dioxo- 1 -imfda'zoi idi*iky^U)Me1jh^^^^ prejDared-as deser4;b.gd4n'Exanaple^5 , was 

separated by chiral chromatography under the conditions described in Example 3. 
ISOMER 1, (2;?) configuration: 



R/= 9 min (0.46x25 cm Chiralpak AS, ethanol + 0.05% TFA); [af^^ = -8.7° 
(c= 0.83%, EtOH). The absolute configuration established by protein X-Ray in complex 
with truncated stromelysin (MMP-3). 
ISOMER 2, (2S) configuration: 

R/= 12 min (0.46x25 cm Chiralpak AS, ethanol + 0.05% TFA); [a]"o = +8.2° (c= 
0.83%, EtOH). 



Preparation of 3-([l,r-biphenyl]-4-ylsulfonyl)-2-[(3,4,4-trimethyl-2,5-dioxo-l- 
imidazolidinyl)methyl]propanoic acid. 



Following the general procedure outlined in Example 5 and making non-critical 
variations but replacing 4'-chloro[l,r-biphenyl]-4-thiol with [l,r-biphenyl]-4-thiol in 
step 2, the title compound was obtained as a whitish crystalline powder, mp > 200 °C 
(dec). 

'H NMR (400 MHz, DMSO-d^): 5 1.16 (s, 3H), 1.17 (s, 3H), 2.68 (s, 3H), 2.96 
(m, IH), 3.43 (dd, J= 3.6 and 14.6 Hz, IH), 3.54 (m, 2H), 3.63 (dd, J= 8.7 and 14.6 Hz, 
IH), 7.40 (m, 3H), 7.70 (m, 2H), 7.87 (m, 4H), 12.90 (broad s, IH). MS (EI): m/z 445, 
427, 227, 209. Anal. Found C, 57.39; H, 5.66; N, 6.98; S, 5.95. 



Preparation of 3-[(4'-chloro[l,l '-biphenyl]-4-yl)sulfonyl]-N-hydroxy-2-[(3,4,4- 
trimethyl-2,5-dioxo- 1 -imidazolidiny l)methyl]propanamide. 



EXAMPLE 7 



O 




EXAMPLE 8 
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HO 




CI 



Following the general procedure outlined in Example 4 and making non-critical 
variations but replacing 3-[(4'-chloro[l J '-biphenyl]-4-yl)sulfonyl]-2-[(phenylsulfanyl)- 
methyljpropanoic acid with 3-[(4'-chloro[l,r-biphenyl]-4-yl)sulfonyl]-2-[(3,4,4- 
trimethyi-2,5-dioxo-l-imidazolidinyl)methyl]propanoiG acid, the title compound was 
obtai ned>as a'^whit€?(^rys$ald>ii0^^^ . 

^H^^MgSpS^SlO^ J,.L9 ^smum'2m^Mm^7J2-(s,^ 3H),^2.90 

(s, mfm&im'M§'J^m/^^4mp4^^^ s, 
5.10. 



Prepai-ation of 3-[(4'-chloro[l J'-biphenyl]-4-yl)sulfonyl]-2-[(4,4-dimethyl-2,5-dio^^^ 
imidazolidinyl)methyl]propanoic acid. 



EXAMPLE 9 



O 




Folteiw^ing-ah^; gei5gr?afef)rsGeJ;ur;§j9u JE:>^gl0^ an^.makmg-sjnon-crjtical- 

variations but starting with 5,5-dimethyl-2,4-imida2oIidinedione in step 1, the title 
compound was obtained as a white crystalline powder, mp 242-245 °C. 
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'H NMR (400 MHz, DMSO-c/^): 5 1.21 (s, 3H), 1.22 (s, 3H), 3.04 (m, IH). 3.52 
(m, IH), 3.57 (m, IH), 3.68 (m, IH), 7.58 (d, J= 8.5 Hz, 2H), 7.79 (d, J= 8.5 Hz, 2H), 
7.94 (m, 4H), 8.29 (s, IH), 12.82 (broad s, IH). ESI(+)-MS: m/z 465, 235, 213, 213, 
195. Anal. Found C, 52.30; H, 4.82; N, 5.76; S, 6.44. 
5 EXAMPLE 10 

Preparation of 3-[(4'-chloro[l ,1 '-biphenyl]-4-yl)suIfonyl]-N-hydroxy-2-[(4,4-dimethyl- 
2,5-dioxo- 1 -iniidazolidinyl)methyl]propanamide. 




CI 



10 

Following the general procedure outlined in Example 7 and making non-critical 
variations but starting in step 1 with 3-[(4'-chloro[l,r-biphenyl]-4-yl)sulfonyl]-2-[(4,4- 
dimethyl-2,5-dioxo-l-imidazolidinyl)methyl]propanoic acid (prepared as described in 
Example 8), the title compound was obtained as a white crystalline powder. 
15 'H NMR (400 MHz, DMSO-flTs): 5 1.17 (s, 3H), 1.21 (s, 3H), 3.34 (dd, J= 3.0 

and 15.0 Hz, IH), 3.44 (m, 2H), 3.62 (dd, ./= 9.0 and 15.0 Hz, IH), 7.58 (d, J= 8.9 Hz, 
2H), 7.78 (d, J= 8.9 Hz, 2H), 7.93 (m, 4H), 8.24 (s, IH), 8.83 (s, IH), 10.81 (s, IH). 
ESI(+)-MS: m/z 480, 447, 195. Anal. Found C, 54.06; H, 4.87; N, 8.67; S, 6.96. 

EXAMPLE 1 1 

20 Preparation of 3-[(4'-chloro[l ,r-biphenyl]-4-yl)sulfonyl]-2-[(2,5-dioxo-l- 

imidazolidinyl)-methyl]propanoic acid. 



38 




Following the general procedure outlined in Example 5 and making non-critical 
variations but starting with 2,4-imidazolidinedione in step 1, the title compound was 
obtained as a white crystalline powder, mp 188-190 ^C. 

'H NMR (400 MHz, DMSO-c/g): 5 3.02 (m, IH), 3.5-3.7 (m, 4H), 3,82 (d, J= 
1 7.7 Hz, IH), 3.87^(d, ^ 1^7.7 Hz, lH}v"7.!r9 fd-^^.S Hzsv2H), 7.80<d, J= «.5 Hz, 2H), 
7.94 (mr4H), 8.07^(s,-tlH)E 12.80*^bMad;£^ 4H;)^§J^)-MS^i/z^^ 235,- 167. 

AnaI.tFoundiSp47CMMf^.8^^ 

Prepaiajionv/ of :3 - |;(4?^'-*ehl:oro[4^<l J^^^^ -N^Ky4dM^X5'i|- [;(2,5 -dioxo- 1 - 




Following the general procedure, outliaed in Example 8 and making non-critical 
variations but startiitg -in stepa^l witfe'3-[(4'-chloro[l J'-biphenyJJ-4-^yl)sulfo^^^ 
dioxo-l-imidazoiiddfi55^J-)me^h9«'l{|*p (prepared-as described in Example 11), 

the title compound was obtained as a yellowish crystalline powder, mp 150-156 *^C. 

*H NMR (400 MHz, DMSO-^^): 5 2.83 (m, IH), 3.37 and 3.60 (each m, IH), 
3.42 (m, 2H), 3.76 (d, J= 17.6 Hz, IH), 3.81 (d, M 17.6 Hz, IH), 7.57 (d, 7= 8.3 Hz, 
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2HX 7.78 (d, ./= 8.3 Hz, 2H), 7.91 (m, 4H), 8.01 (s, IH), 8.70 (broad s, IH), 10.80 
(broad s, IH). ESI(+)-MS: m/z 452, 419, 235. Anal. Found C, 44.35; H, 3.87; N, 7.59; 
S, 6.81. 

EXAMPLE 13 

5 Preparation of 3-[(4'-chloro[ 1 , 1 '-biphenyl]-4-yl)sulfonyl]-2-[(3-butyl-2,5-dioxo- 1 - 
imidazolidinyl)methyl]propanoic acid. 



O 




Step 1. Methyl 2-[(3-butyl-2,5-dioxo-l"imidazolidinYl)methyl]acryiate. 



Methyl 2-(bromomethyl)acrylate (0.7 mL) >ajid . l-butyl-l^TimidazoJidinediSn^ 
(1 g) were*^diss.®;ked«im mfe),, Sodiumshydriag^ 

and the - mi«4ur©*^hea1)ed-' at °C for 2 hours,- cooled to ara»biejpi'Memperature and 
partitioned between ethyl acetate and water. The. organic layer was washed with water- , 
and brine, dried over anhydrous sodium sulfate and evaporated in vacuo to leave the 
title compound (1 .0 g) as a colourless oil. 

Step 2. Methyl 3-[(4'-chloro[Lr-biphenyl]-4-yi)suifanyl]-2-[(3-butyl-2,5-dioxo-l- 
imidazolidinyl)methyl]propanoate. 

The product from step i above (500 mg) and 4'-ch]oro[l,r-biphenyl]-4-thiol 
(520 mg) were dissolved in DMF (5 niL). Sodium hydrogen^ capb0nate<«25 2 mg)^was 
added, and the mi-xture heated^ at 60 for 1 hour, cooled^to ambienfetemperatt^^^^ 
partiti®ined'^-bet'W©en, ethy*l- ace.tat'e«andiHvyatej. Th^C'^orga^^'i^j^iay^r^'aiStijjy |water 
and bifeeif-dried- over anhydr©us;.sodiiui»n: -sulfa t^ ^'aGin©j*to cleave- the 

crude titlefeompound'^wki©h55twasftUsed»ast^^^ 
Step 3 . Methy4- 3-[(4'--chl'®r^fl J '-bipk©ny'l^^4-5^1*)^ul^^ 
im idazo] i diny Ijm^tkj^yy p^pan©^ 

The crude compound from step 2 above was taken up in DMF (7 mL). Oxone® 
(2 g) was added, and the mixture stirred for 4 hours at ambient temperature. Work-up as 
in step 1 left a residue, which was purified by flash-chromatography over silica (ethyl 
acetate - hexane), to obtain the title compound (650 mg) as a colorless foam. 
Step 4. 3-[(4'-Chloro[l,l'-bipheny]]-4-yl)sulfonyl]-2-[(3-butyl-2,5-dioxo-l- 

imidazolidinyl)-methyl]propanoic acid. 

2N:' Hydrochloric'-acid (5 mL) was added to a solution of the compj©und from 
step 3 above>(650 mg) in;acetic^acid (2 mL), and the mixture was stipred^t'S.O - 90*-°C. 
After 2 hour.sv37% HCl (1 mb) was added and stirring at 80 °C was«»©oiit'ini!ied*for 
additional 5 hours. The reaction mixture was evaporated in vacuo, and the residue 
partitioned between ethyl actetate and water. The organic layer was dried over 
anhydrous sodium sulfate and evaporated. . The solvent was removed in vacuo and the 
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resulting solid was stripped twice with toluene, to yield the title compound (420 mg) as 
a whitish powder. 

'H NMR (400 MHz, DMSO-rfJ: 5 0.84 (t, J= 7.3 Hz, 3H), 1.07 (m, 2H), 1.41 
(m, 2H), 2.99 (m, IH), 3.20 (t, J= 7.1 Hz, 2H), 3.4-3.7 (m, 4H), 3.88 (d, J= 7.6 Hz, IH), 
5 3.92 (d, J= 7.6 Hz, IH), 7.58 (d, ./= 8.8 Hz, 2H), 7.80 (d, J= 8.8 Hz, 2H), 7.93 (m, 4H), 
12.95 (broad s, IH). ESI(+)-MS: m/z 515, 493, 475, 223. Anal. Found C, 57.39; H, 
5.66;N, 6.98; S, 5.95. 

EXAMPLE 14 

Preparation of 3-[[4-(Benzoylamino)phenyl]sulfonyl]-2-[(2- 

10 thienylsuifanyl)methyl]propanoic acid. 




Step 1 . Bis(4-(benzoylamino)phenyl) disulfide. 

Benzoyl chloride (8 mL) was added to a solution of bis(4-aminophenyl) disulfide 
15 (4 g) and TEA (10 mL) in 100 mL of dichloromethane, and the mixture was stirred for 2 
hours at ambient temperature. The precipitate was collected by filtration and sequentially 
washed witli water, diluted aqueous HCl and n-exane to obtain the title compound as a 
white solid. 

Step 2. N-(4-Sulfanylphenyl)benzamide. 
2 0 Zn powder (0.5 g) and 2 N HCl (30 mL) was added in three portions under 

vigorous stirring to a suspension of the disulfide from step 1 in THF (100 mL). After 4 
hour at ambient temperature, the mixture was filtered and the filtrate was concentrated in 
vacuo. The residue was taken up in ethyl acetate and sequentially washed with water and 
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aqueous sodimii.^hydrogen^,carbbnate.w,Diy4ng,.pver .-anhydrous,iSodiufa^sul.f^^^ 
evaporationsaffoFdediS ; 66»g ©/sthe^titleseompemdias-'a- yelloiw -soMd^: 
Step 3. 2-[{[4-(Benzoylamino)phenyl-]svxlfanyl]methyl]acrylic acid. 

A mixture of N-(4-sulfanylphenyi)benzamide (1.5 g), 2-(bromomethyl)acrylic acid 
5 (1 g) and TEA (1.75 mL) was stirred for 4 hours at ambient temperature. Washing with 
diluted aqueous HCl drying over anliydrous sodium sulfate and evaporation in vacuo left 
a residue, which was passed through a short pad of silica gel (dichlorometane - methanol 
as the eluants) to obtain 1.68 g of the title compound as a colorless oil. 
Step 4. 2-[[[4-(Benjzoylamino)phenyl]sulfonyl]methyl]acrylic acid. 
10 A mixture of Oxone® (10 g) . andi,. 2-.[[[4- 

(benzo>ylamino)ph.eny^i|s^^.fair^]metMiaGI^^^^ in?^^^liEfc(r20:.mt>^,was "heated 
at 50 °C for:4 h6W'Ssian4e®8^igo.pi:oj^§.ti®i^^ 40/^ 
aqueous.'HCl. TKg**orgagieeph^5^etfewaswash^^^ 

sodium sulfate ani*e;»^ap.@i!at^dBtotohl&dH|theiemdei^^ ao^velJawish oil. 

15 Step :5.:- 3-[[4-(Benzoylama:n'(?J)pheiiy43#l.f®l^^^^^ 
acid. 

2-Thiophenethiol (250 mg) was added to a solution of the crude acrylic acid from 
step 4 above (300 mg) in 5 mL of DMF. After 1 hour at ambient temperature, the mixture 
was partitioned between ethyl acetate and 4% aqueous HCl. The organic phase was 
20 washed twice with water, dried over anhydrous sodium sulfate and evaporated: The 
residue was chromatographed over silica gel with chloroform/methanol, and the eluate 
concentrated in vacuo to obtain 335 mg of the the title compound as a yellowish-powder. 

'H NMR:<(4GG Mmr-DMSO-4.X,5 2.70- (m, IH), 2.98 (d, J= 7.1 Hz, 2H), 3.57 
(m, 2H), 7.00 (ni:2H), 7.5-,8^00r(m, iOH)f 1 0.66*(s, IH), ,12.80*(.bi:oadif^^^ IH). ESI-MS:. 
25 m/z 461, 26O5 200v 182;:!1 15, 105. Anal*^EoundlC, 53.95; H, 4.65; N, 3.97; S, 18.55. 

EXAMPLE 15 

Preparation of 3-[[4-(Benzoylamino)phenyl]sulfonyl]-2- 

[(phenylsulfanyl)methyl]propanoic acid. PNU230964 
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Following the general procedure outlined in Example 14 and making non-critical 
variations but starting with thiophenol in step 5, the title compound was obtained as a 
white powder. 

'H NMR (400 MHz, DMSO^^^): 5 2.70 (m, IH), 3.15 (m, 2H), 3.57 (dd, ./= 4.4 
and 14.4 Hz, IH), 3.63 (dd, J= 8.1 and 14,4 Hz, IH), 7.2-7.6 (m, SH), 7.8-8.1 (m, 6H), 
10.66 (s, IH), 12.80 (broads, IH). ESI-MS: m/z 455, 331, 260, 194, 123, 110, 105,77. 
Anal. Found C, 60.03; H, 5.29; N, 3.28; S, 1 1.68. 

EXAMPLE 16 

Preparation of 3-[(4'-chloro[l ,r-biphenyl]-4-yl)sulfonyl]-2-[[(4- 

hydroxyphenyl)sulfanyI]-methyl]propanoic acid. 




A solution of 2-[(4'-chloro[l,r-biphenyl]-4-yl)sulfonyl]methyl]acrylic acid (3.4 
g) and 4-hydroxythiophenol (3 g) in 20 mL of DMF was heated for 5 h at 60°C. After 
cooling, the residue was chromatographed on silica gel eluting with CHCl,/cycIohexane 
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1/2. The fractions containing Jhe .product were pooiieji .and.the..soUerit*renioved..The , 
residuervwas -^crystaldd^ed^^ iCUGlpcy!si®kmB^Qit 1 /3 affayEd«iiag^.I,7^ «pf thc^-titlea 
compound^as a white^powder^ 

'H NMK'(4O0"MHz, , DMSO-^^): § 2.58 (m, IH), 2.95 (m, 2H0; 3.64 (m, 2H), 
6.63 (d, J= 8.5 Hz, 2H), 7,06 (d, J= 8.5 Hz, 2H), 7.58 (d, J= 8.5 Hz, 2H), 7.79 (d, 8.5 
Hz, 2H), 7.86 (d, 8.5 Hz, 2H), 7.92 (d, J= 8.5 Hz, 2H), 9.60 (broad s, IH), 12.80 (br 
s, IH). MS (EI): in/z 462, 251, 210, 152, 126. Anal. Found C, 56.95; H, 4.25; S, 
13.68. 

EXAMPLE 17 

Preparation of 3-[(4'-Chloro[l ,r-biphenyl]-4-yl)suIfonyl]-2-(phen©xy^m©t.%l)^^^ 
acid,-sodium^salt. 




To a stirred solution of a-bromomethylacrylic acid (4.95 g) and NaHC03 (4 g) 
in 25 mL of DMF was added phenol (4.5 g) and the resulting suspension was heated at 
75 ""C for 5 h. After disappearance of a-bromomethylacrylic acid, checked by tic and 
HPLC, the solution was cooled at .-15°C and 4'-chlorfe[L,r-biph^nfl]*4«ttoi6l . (9.2^ ^ 
was added««After stimng 1 h at^BOom tempeirature, the solution was>dilutei*with ethyl 
acetate and'Washed%thoF©ugMty witfc-0,im citrtc acid. After dr>&ingr.and«Eeiin0.val of the^ 
solvent, the-^resi'du*e%was*y:hroHiat0gFaphgd-on^ gel. eluting*;^itto CHGl^/cyclohexane 
1/2 to provide 4.9 g of 3-[(4'-chloro[l,r-biphenyl]-4-yl)sulfanyl]-2- 
phenoxymethyl]propanoic acid as a white foam. A solution of this intermediate (4.6 g) 
in 50 mL of ethanol was added dropwise to a stirred solution of Oxone® (15 g) in 100 
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mL of DMF at 45°C. After stirring for 4 h, the solvent was evaporated off and the 
residue was partitioned between chloroform and water. After drying and removal of the 
solvent, the crude residue was chromatographed on silica gel eluting with chloroform to 
provide 3.9 g of 3-[(4'-chloro[l,r-biphenyl]-4-yl)sulfonyl]-2- 

5 phenoxymethyljpropanoic acid as white foam. To a solution of this intermediate (2.15 
g) in 100 mL of EtOH was added 1 M NaOH (6 mL). The resulting solution was 
charcoalized then filtered. Concentration in vacuum afforded L9 g of the title compound 
as shiny crystals. 

'H NMR (400 MHz, DMSO-d,): 5 2.55 (m, IH), 3.44 (dd, 7= 8.3 and 14.6 Hz, 
10 IH), 3.97 (dd, J= 3.7 and 14.6 Hz, IH), 4.01 (dd, J= 4.4 and 8.8 Hz, IH), 4.20 (dd, J= 
4.4 and 8.8 Hz, IH), 6.75 (d, J= 8.8 Hz, 2H), 6.83 (t, J= 7.3 Hz, IH), 7.18 (dd, ./= 7.3 
and 8.8 Hz, 2H), 7.56 (d, J= 8.8 Hz, 2H), 7.72 (d, J= 8.8 Hz, 2H), 7.85 (d, J= 8.5 Hz, 
2H), 7.91 (d, ./= 8.5 Hz, 2H). ESI(-)MS: m/z 429, 291. 251. Anal. Found C, 55.54; H, 
4.52; S, 6.74. 

15 EXAMPLE 18 

Preparation of 3-[(4'-chloro[l ,1 '-biphenyl]-4-yl)sulfonyl]-2-[(3-butyl-2,4-dioxo-l- 
imidazolidinyl)methyl]propanoic acid. 




CI 

20 

To stirred solution of glycine ethyl ester hydrochloride (6. g) and TEA (16 mL) 
in 80 mL of DMF was added a-bromomethylacrylic acid (5 g) at 0°C. After stirring for 
2 h at rt, the suspension was filtered and the filtrate was evaporated to dryness. The 
residue dissolved in 50 mL of dioxane was treated with n-butyl isocyanide (4 mL) and 
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heated for 5 h at 65 °C. The solvent \yas^r,empxed anCthe^^^^^ 

over a small padisof silica gelt..eliati#^ g of 2-[(3-- 

butyl-2,4-dioxo-l-imid'azolidinyl)-methyk]aGiylic acid as an oil. Thissintermediate (5.5 
g) was dissolved in DMF (50 ,mL) and treated at 0 °C with 4'-chloro[l,r-biphenyl]-4- 
5 thiol (5.5 g) and NaHCO^ (3.9 g). After stirring 1 h at rt, the reaction mixture was 
concentrated in vacuo, taken up m ethyl acetate, and sequentially washed with 0.5 M 
HCl and brine. After drying over anhydrous sodium, sulfate, the solvent was removed 
and the residue was chromatographed on silica eluting with ethyl acetate/cyclohexane 
1/1 to provide 4.6 g of 3-[(4'-chloro[l,r-biphenyl]-4-yl)sulfanyl]-2-[(3-butyl-2,4- 
1 0 dioxo- 1 -imidaz0lidiHyI)methyI-]pr0panoie-aoid sol.uti©n-of-this 'intiSSg^ratei^(4.§«, g) 
and Oxonet (13.ig) jnAO(femkoM)]Mp^^ 1 h at 40?. THg*fi^aeti;©n^nwture 

was Gomcentr^tsdlfein t-^'asc^©*^^ and 
wateD?!ifcAftei^dr^ n i^o veii^o^ 

residua-Ava^coloiinan^dtc^v^iiaj^ wiyadSMW^^tja^jgive the title 

15 compound4(r4.2 g) as a white#powder»^ 

NM^4Qp.MHz,;D 5 D.83.(t, 7.3 Hz, 3HX 1-20- (m^H), 1.40 

(m, 2H), 3.00 (m, IH), 3.30 (m, 2H), 3.52 (d, J= 7.6 Hz, 2H), 3.53 (m, IH), 3.71 (dd, 7= 
8.3 and 14.9 Hz, IH), 3.79 and 3.93 (two d, 7= 17.3 Hz, 2H), 7.58 (d, J= 8.5 Hz, 2H), 
7.79 (d, 7= 8.5 Hz, 2H), 7.94 (s, 4H), 12.90 (broad s, IH). ESI(+)MS: m/z 493, 475, 
20 319, 235, 223. Anal. Found C, 55.38; H, 5.19; N, 5.33; S, 6.78. 

EXAMPLE 19 

Preparation of 3-[(4'-cyano[l,r-biphenyl]-4-yl)sulfonyl]-2>[<phenylsu^^^^ 
propanoic acid. 
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Step 1 . 4-Cyano-4'-[[(dimethylamino)carbothioyl]oxy]-l ,r-biphenyl. 

Sodium hydride (80% in oil; 4.6 g) was added portionwise to a stirred solution 
5 of 4-hydroxy[l,r-biphenyl]-4'-carbonitrile (26.8 g) in DMF (150 mL) at -lO^C. After 
stirring for 20 min, a solution of dimethylthiocarbamoyl chloride (23 g) in DMF (50 
mL) was added dropwise. The resulting mixture was maintained for additional 15 min at 
-10°C, then heated at 80 ""C for 1 h. After cooling, ice water was added. The resulting 
precipitate was filtered, thoroughly washed with water, then with acetone, to ftjmish 37 

10 g of the title compound as a white powder, mp 243-247 °C. 

Step 2.. 4-Cyano-4'-[[dimethylamino)carbonyl]sulfanyl]- 1 , 1-biphenyl. 

The compound from step 1 above (33 g) was heated at 240 °C under a nitrogen 
blanket. After melting, the compound was heated for additional 45 min, then cooled to 
room temperature and dissolved in acetone. Charcoal was added, filtered off, and the 

15 solvent removed in vacuo. The residue was crystallized from a small volume of boiling 
ethanol to obtain 30 g of the title compound, mp 268-270 °C. 
Step 3. 4'-Cyano[l,r-biphenyl]-4-thiol. 

The compound ft*om step 2 above (31 g) in methanol (1 L) was treated with IN 
NaOH (120 niL) and the mixture was refluxed for 5 h. After cooling, 1 N HCl (150 mL) 

20 was added, and the mixture was concentrated in vacuo to remove the organic solvent. 
The crystalline precipitate was filtered, washed with water and then with ethanol, to 
provide 20 g of the title compound as white crystals, mp 192-195 ""C. 
Steps 4-6. 3-[(4'-Cyano[ 1 , 1 '-biphenyl]-4-yl)sulfonyl]-2- 

[(phenylsulfanyl)methyl]propanoic acid. 
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By following the procedure described in Example l, step,§^-6-fcand4imaking.^apn- 
critical variations, .bu:t«feplaci*ig^'--chIoK.gi[»l"(*l V-bipjhgRyaijr^-.Moi'^witii-i^t^e.yan ^ % 
bipheny.l]-4^thi®I, the.Hitle:compGUHdi>;was«0btainedias«a-white powder;- 

'H NMR (400 MHz, DMSO-^^<;): 5 3.09 (m, 2H), 3.36 (m, IH), 3.61 (dd, J= 3.8 
and 14.5 Hz, IH), 3.70 (dd, J= 7.7 and 14.5 Hz, IH), 7.20 (m, 5H), 7.6-7.7 (m, 6H), 
7.94 (d, J= 8.5 Hz, 2H). Anal. Found C, 62.83; H, 4.41; N, 3.13; S, 14.29. 

EXAMPLE 20 

Preparation of 3-[(4'-chloro[l,l '-biphenyl]-4-yl)sulfonyl]-2-[(2- 

pyridinylsulfanyl)methyl]-propanoic acid. 




Following the general procedure outlined in Example 16 and making non-critical 
variations but replacing 4-hydroxy-thiophenol with 2-mercaptopyridine, the title 
compound was obtained as a white crystalline powder. 

'H NMR (300 MHz, DMSO-d,): 5 2.99 (m, IH), 3.37 (d, J= 7.5 Hz, IH), 3.66 
(dd, J= 4.1 and 14.6 Hz, IH), 3.70 (dd, J= 8.3 and 14.6 Hz, IH), 7.01 (ddd, J= 1.0, 4.9 
and 7.4 Hz, IH), 7.18 (ddd, J= 0.9, 1.0 and 8.1 Hz, IH), 7.50 (ddd, J= 1.9, 7.4 and 8.1 
Hz, IH), 7.56 (d, J= 8.6' Hzv 2H), 7.76 (d, y= 8.6 «zv 2H), 7.88 (m,-4H.); 8.30 (ddd, J= 
0.9, 1.9 and,.4.9 Hz, lH)rl2 8^(broad»s, IH). ESI(i+)MS-:jm^a44-8f 3 19,*-235, 178>*Ana*4^ 
FoundC, 56.26; H,4.09rN, 3.17; S, -14.30. 

EXAMPLE 21 

Preparation of 3-[[4-[(4-chlorobenzoyl)amino]phenyl]sulfonyl]-2- 

[(phenylsulfanyi)methyl]-propanoic acid. 




Following the general procedure outlined in Example 14 and making non-critical 
variations but starting with 4-chlorobenzoyl chloride in step 1, and replacing 2- 
thiophenethiol with thiophenol in step 5, the title compound was obtained as a white 
powder, 

NMR (400 MHz, DMSO-^J: 5 2.67 (m, IH), 3.15 (m, 2H), 3.62 (m, 2H), 
7.22 (m, 5H), 7.64 (d, J= 8.5 Hz, 2H), 7.77 (d, J= 8.0 Hz, 2H), 8.01 (m, 4HX 10.70 (s, 
IH), 12.80 (broad s, IH). ESI(-)MS: m/z 510 [M + Na -2H]", 334. Anal. Found C, 
55,66; H, 4.10; N, 2,91; S, 12.82. 

EXAMPLE 22 

Preparation of 3-[(4'-chloro[l,r-biphenyl]-4-yl)sulfonyl]-2-[(2- 

pyrimidinylsulfanyl)methyI]-propanoic acid. 




Step 1. 3-Bromo-2-[(4'-chloro[l,l'-biphenyl]-4-yl)sulfonyl]methyl]propanoic acid. 

2-[[(4'-Chloro[l,r-biphenyl]-4-yl)sulfonyl]methYl]acryIic acid (4 g), prepared 
as described in Example 1, step 5, was suspended in 33% HBr in acetic acid (40 mL). 
After stirring for 4 h at ambient temperature, the reaction mixture was concentrated in 



vacuo, taken up in toluene and evapQjared ,tp dry^iess^t^twice^^J'he .resfdue^^ 
with ethyl etheYi^i^wheEebjfi^the^^^^ *white'»erystalirMe*^pow^ 
which was^colleeted by-^filSation (3.85 g);;.A seeond-crop (0.3 g) was^FeGOvered-^from the 
mother liquors by repeating-4he process after evaporation to dryness. 

Step 2. 3-[(4'-Chloro[l J '-biphenyl]-4-yl)sulfonyl]-2-[(2-pyriniidinylsuIfanyI)methyl]- 
propanoic acid. 

2-Mercaptopyrimidine (3.65 g) was added portionwise to a suspension of 
sodium hydride (60% dispersion in mineral oil; 1.21 g) in anhydrous DMF (80 mL) 
under an argon blanket, and the mixture stirred for 20 min at room temperature to obtain 
a clear solution, after which time the* -br0m©meth«y4propaR®iG*»aGid**fr®m*-.step;^^^ ab04ve 
(4.54 g) was added. After^4 h at^BaoRNtemiD^raturey 0.2 N HGl (600^mt4;svasi:added^ and 
the»imi>&tur*e> was .extrac<edtt^»?/4cetwi 

bri^ie/dried over sodium^^sulMfefKevapi^palie^d^ .taken, u -in toIuene*«andireiyap€)rated'^again 
to dryness^ritural?ion?«©jy)hew^psi4^ei^ g), which 

was pur-ifred'^by sti^rring- for - r h in a miMuFe-of ^ether/ethYi acetatre^/^l^^ fil#Mi©n, 
thereby obtaimiag-.the^title^ g)#s-a^hke^Q,^^l4^^ 

NMR (300 MHz, DMSO-^e): 5 3.06 (m, IH), 3.28 (partially overlapped by 
water, 2H), 3.62 (dd, J=- 4.0 and 14.6 Hz, IH), 3.72 (dd, J= 8.2 and 14.6 Hz, IH), 7.10 
(t, J= 4.9 Hz, IH), 7.57 (d, J= 8.5 Hz, 2H), 7.75 (d, J= 8.5 Hz, 2H), 7.90 (m, 4H), 8.50 
(d, J= 4.9 Hz, 2H), 13.00 (broad s, IH). ESI(+)MS: m/z 449, 319, 235, 179, 113, Anal. 
Found C, 53.65; H, 3.92; N, 6.21; S, 14.30. 

EXAMPLE 23 

Preparation of 3-[(4'-chloro[l,r-biphenyl]-4-yl)sulfonyl]-2-[:[(5-amino-U 
thiadiazoi-2-yl)suMa[)nyl^]ria©tte^^^ acid. 
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Following the general procedure outlined in Example 22 and making non-critical 



thiadiazole, the title compound was obtained as a yellowish powder, mp 1 84- 1 86 °C. 

'H NMR (400 MHz, DMSO-^^): 5 2.98 (m, IH), 3.30 (m, 2H), 3.68 (m, 2H), 
7.33 (s, 2H), 7.57 (d, 7= 8.5 Hz, 2H), 7.78 (d, J= 8.5 Hz, 2H), 7.92 (m, 4H), 13.00 
(broad s, IH). ESI(+)MS: m/z 470, 337, 319, 235. Anal. Found C, 41.38; H, 3.42; N, 
10.83; S, 22.89. 



Preparation of 3-[(4'-chloro[l,r-biphenyl]-4-yl)sulfonyl]-2-[(2-methyl-2H- 1,2,3- 
triazol-4-yl)suIfanyl]methyl]propanoic acid. 



Following the general procedure outlined in Example 22 and making non-critical 
variations but replacing 2-mercaptopyrimidine with 4-mercapto-2-methyl-2H- 1,2,3- 
triazole, the title compound was obtained as a withe powder, mp 166-168 °C. 



'H NMR (400 MHz, DMSO-^^): 5 3.02 (m, IH), 3.34 (m, 2H), 3.48 (m, 3H), 
3.69 (m, 2H), 7.58 (d, J= 8.5 Hz, 2H), 7.79 (d, y= 8.5 Hz, 2H), 7.91 (m, 4H), 8.49 (s, 




O 
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IH), 12.98 (broad s, IH). ESl(:tr)MS :jn/z 452, 33X^319, 23.S^^^ 50,18; H, 

4.06;«N;^.2S; S^3:4S^^ 

EXAMPBE 25 

Preparation of 3-[(4'-chloro[i J '-biphenyl]-4-yl)sulfonyl]-2-[[(I-met^^ 
yl)sulfanyl]methyl]propanoic acid. 




Fo M 0iwingf^e^geHe^?a^^ 
variatijDnst but'^epl^m^^ 
the titlefG0iaip@^^ 

6.88 (d, J= 2.1 Hz, lH)r7.T6 (d, J= 2.1 Hz, IH), 7.56 (d, J= 8.5 Hz; 2H), 7.-78 (d, J= 8.5 
Hz, 2H), 7.91 (m, 4H). ESI(+)MS: m/z451, 337, 235, 199, 181. 

EXAMPLE 26 

Preparation of 3 - [(4 ' -chloro [1,1' -bipheny 1] -4-y l)sulfony l]-2- [ [(2,6-dimethy 1-4- 
pyrimidinyl)-sulfanyl]methyl]propanoic acid. . 




Following the general procedure outlined in Example 22 and making non-critical 
variations but replacing 2-mercaptopyrimidine with 2,6-dimethyl-4- 
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mercaptopyrimidine, the title compound was obtained as a white powder, mp 170-172 

ESI(+)MS: m/z 477, 336, 251, 187, 152. 140. Anal. Found C, 55.05; H, 4.52; N, 
4.64; S, 12.32. 

EXAMPLE 27 

Preparation of 3-[(4'-chloro[l,r-biphenyl]-4-yl)sulfonyl]-2-[[(4,6-dimethyl-2- 
pyrimidinyl)-sulfanyl]methyl]propanoic acid. 




Following the general procedure outlined in Example 22 and making non-critical 
variations but replacing 2-mercaptopyrimidine with 4,6-dimethyl-2- 
mercaptopyrimidine, the title compound was obtained as a white powder, mp 170-172 
°C. 

'H NMR (400 MHz, DMSO-c/^): 6 2.20 (s, 6H), 3.05 (m, IH), 3.30 (m, 2H), 
3.61 (dd, J= 3.4 and 14.5 Hz, IH), 3.73 (d, J= 8.1 and 14.5 Hz, IH), 6.81 (s, IH), 7.58 
(d, J= 8.5 Hz, 2H), 7.75 (d, J= 8.5 Hz, 2H), 7.88 (m, 4H), 12.90 (broad s, IH). 
ESI(+)MS: m/z 477, 319, 294, 235, 225, 141. Anal. Found C, 53.90; H, 4.52; N, 5.70; 
S, 12.48. 

EXAMPLE 28 

Preparation of 3-[(4'-chloro[l ,r-biphenyl]-4-yl)sulfonyl]-2-[(l ,3-thiazol-2-ylsulfanyl)- 
methyljpropanoic acid. 
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CI 



Following the general procedure outlined in Example 22 and making non-critical 
variations but replacing 2-mercaptopyrimidine with 2-mercaptothiazole, the title 
compound was obtained as a withe powder, mp 152-1 54 "^C. 
5 'H NMR (400 MHz, DMSO-d^): 5 3.00 (m, IH), 3.45 (m, 2H), 3.63 (dd, J= 4.7 

and 14.5 Hz, lH),-3.74 (d, ^= 7.7 an<i^.5.li7^l^^ 3.4 Hz, 

IH), 7.60 (d, J= 8.S.Hzf*2Big^:Z.7T(a,.tfe^8...5T^^ IH). 
ESI^)MSr:-m/z. 45ll|*33§P3 m,^9m^Am m^f^^i^ak^Fm^^ .59--N;<3. 1 5; 

S,21.14. 

10 Emmmjm^^9m 

Preparation of 3-[(4'-cyano[i3*l '-biphen5^i^]r4-yJ)sMf0nyl:]-2-^ 
acid, sodium salt. 



O 




15 Following the geneiral procedure. outlined, in Exan?iple 17 and^making, non-critical 

variations but ■replac-in'g:-4'^ehtero[t, 1 '-biph'eny^]:^4-t.hiol witte4'-cyanoi[fel J '-biphenyl]r^ 
4-thiol, the title compound was obtained as a withe powder. 
Anal. Found C, 59.59; H, 4.45; N, 2,88; S, 6.85. 

EXAMPLE 30 

20 Preparation of 3-[(4'-chloro[l,r-biphenyl]-4-yl)sulfonyl]-2-[(4-acetylaminophenoxy)- 



55 



methyl]propanoic acid. 




a 



Following the general procedure outlined in Example 17 and making non-critical 
5 variations but replacing phenol with 4-acetamidopheno], the title compound was 
obtained as a withe powder. 

Anal. Found C, 58.03; H, 4.61; N, 2.75; S, 6.84. 

EXAMPLE 31 

Preparation of 3-[(4'-chloro[l,l '-biphenyI]-4-yl)sulfonyl]-2-[[(4-hydroxy-6-methyl-2- 
10 pyrimidinyl)sulfanyl]methyl]propanoic acid. 



Following the general procedure outlined in Example 22 and making non-critical 
variations but replacing 2-mercaptopyrimidine with 4-hydroxy-6-methyl-2-mercapto- 
15 pyrimidine, the title compound was obtained as a white powder, mp 165-168 °C. 

EXAMPLE 32 

Preparation of 3-[(4'-chloro[l ,r-biphenyl]-4-yl)sulfonyl]-2-[[(l-methyl-lH-tetrazol-5- 
yl)-sulfanyl]methyl]propanoic acid. 
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Following the general procedure outlined in Example 22 and making non-critical 
variations but replacing 2-mercaptopyrimidine with 1 -methyl- lH-tetrazole-5-thiol, the 
title comp43und*rw^-0bt'ai^n^e\a^^^ 

*H NM^(^0QfMHz>.^^DI?^^d^^ 3^Q8»^^ H?)^ S.^^m^^ (dd, 
>=4.3 andiiW.6 Mzi^lMSia.^^ 8.5 
nzyW^f7J9(^mh^^ m/z 

EmMPKE33 

Preparation of^ 3.[(4'-chloro[l,r-biphenyl]-4-yl)sulfonyl]-2-[[2- 

(hydroxymethy 1 )phenoxy]-methyl]propanoic acid. 




Following the ..general procedure outlined in Example 17 and making non-critical 
variations but replacing phenol with salicyl alcohol, the title compound was obtained as 
a crystalline powder. 

Anal. Found C, 59.50; H, 4.62; S, 6.98. 
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EXAMPLE 34 

Preparation of 3-[[4-[(4-chlorobenzoyl)amino]phenyl]sulfonyl]-2-(phenoxymethyl)- 
propanoic acid. 



HO 




10 



Following the general procedure outlined in Example 17 and making non-critical 
variations but replacing 4-chloro[l,r-biphenyl]-4-thiol with 4-chloro-N-(4-sulfanyl)- 
benzamide, the title compound was obtained as a white powder. 

Anal. Found C, 57.72; H, 4.28; N, 3.02; S, 6.62. 

EXAMPLE 35 

Preparation of 3-[[4-[(4-cyanobenzoyI)amino]phenyl]sulfonyl]-2-(phenoxymethyl)- 
propanoic acid. 



15 





CN 



Following the general procedure outlined in Example 17 and making non-critical 
variations but replacing 4-chloro[l,r-biphenyl]-4-thiol with 4-cyano-N-(4-sulfanyl)- 
benzamide, the title compound was obtained as a white powder. 

Anal. Found C, 61 .33; H, 4.26; N, 6.19; S, 7.15. 
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EXAMPLE 36 

PrepaFationu of^ 3-[(4'.chl0F0[il, 1 '-biphf;n^l!j^4-yl^slaMein5^^ 
thiadia2ol^2-y l)sUlfanyJ jmethy l]propan0 acid. 



Followingrthe^gejpjral pr0j^ 
vamati©ns?»- but-v r^p^acmg^lrMevmp^^ 

thiadiaz©ie544hei(tiit]^^omi^ 5jg%^^ 

E:jag»Plj,'3iZf^ 

Preparation of v 3 - f(4 ^-chloF0[il^^ 1 ' -biph^nyA]#.T5^t)sM^^ - 
sulfanyl)methyl]-propanoic acid. 



Followingist'heig^n'e^^^^ 

variations but replacing 2-mercaptopyrimidine with 2-mercapto-lH-benzimidazole, the 
title compound was obtained as a withish powder, mp 176-179 °C. 

Anal. Found C, 55.43; H, 3.96; N, 5.57; S, 12.32. 

EXAMPLE 38 



O 




O 




Biochemical Activity Test 

The inhibitory activity of the compounds of the present invention was evaluated in vitro 
against one or more of the MMP enzymes (gelatinases, collagenases, stromelysins) 
using the internal fluorescence quenching method.. The assay method is based on the 
hydrolysis of the MMP substrate, MCA-Pro-Leu-Gly-Leu-DPA-Aia-Arg-NH2 at 37 °C 
(see Knight, C.G. et al., FEBS Lett. 296:263-266, 1992), The enzymes cleave at the 
Gly-Leu bond removing the internally quenching DPA group. The release of the highly 
fluorescent peptide MCA-Pro-Leu was monitored with a LS50 Perkin Elmer fluorimeter 
equipped with a Pel tier- thermostated cell holder using an excitation wavelength of 326 
nm and an emission wavelenght of 398 nm. Slis were set at 14/14. Proper determination 
of steady-state rates of substrate cleavage required a preincubation at 37 °C of 15 
minutes to allow for complete equilibration of the enzyme-inhibitor complex. For the 
determination of the apparent Ki (Ki,3pp), the concentration of the inhibitor was varied at 
a constant and low concentration of the substrate (3 |-iM). Rates of substrate hydrolysis, 
expressed as fluorescence arbitrary units per minute, were calculated by least-square 
analysis of the steady-state linear progression curves. The steady-state rates were fitted 
to the Michaelis equation describing competitive inhibition; in particular, Ki,app were 
determined by fitting the data to the tight-binding equation of Morrison (Biochem. 
Biophys. Acta, 185:269-286, 1969) by non-linear methods. Since the Michaelis 
constants (K^) for the MCA peptide substrate with the MMPs is quite high (70 [iM or 
greater; see Knight, C.G. et al., reference above) and by far exceeds the substrate 
concentration, the factor (1 + S/K;^) can be approximated to unity without appreciable 
error, so that the determined Ki,3pp will be essentially equal to Ki. 

Human gelatinase-A (MMP-2) was obtained as pro-enzyme (72 kDa) and was 
activated with 1 mM 4-aminophenylmercuric acetate for 30 min at 37 °C immediately 
prior to use. The inhibitor was diluted into the assay from a stock solution in 100% 
DMSO, and controls substituted an equal volume of DMSO so that the final DMSO 
concentration from inhibitor and substrate dilution in all assays was 1%. The 
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concentration of MMP-2 was 19,2 pieoM. For compounds of -formula<4) where X is - 
OHrtha»assa?y(.#uifei?fl«^ 10 mM 

CaGi2, 0.01 mM:ZriBl2 and»^ (Prdteeol A)?-Other condi#0ns'^^were as stated 

above^**-, 

5 Human fibroblast collagenase (MMP-1) was obtained as truncated, recombinant 

enzyme encompassing residues 101-269 and did not require activation. Assay 
conditions were the same as above, but enzyme concentration was 200 picoM. 

Inhibitory data (Ki's against MMP-2 and MMP-1, all nanoM; Protocol A) for 
some representative compounds of formula (I) wherein X is -OH are displayed in Table 
10 1. 

TABLE 1 

Example No. MM^^^r^J^HmmM^: MMl^^EM(lSmoM) 



1 


8.3 




3, Isomer 1 


6.0 




3, Isomer 2 


660 


33«i©,0ir 


5 


5.5 


> ^mm 


6, Isomer 1 


3.7 


3600 


6, Isomer 2 


50 


n.t. 


7 


42 


n.t. 


9 


3 


n.t. 


11 


4 


n.t. 


13 


12 


5286 


14 


8 


n.t: 


15. 


7 


81'@90«- 


16 


9 





17 



9.2 



14740 



18 7.8 n.t. 

19 17 n.t. 

20 3.9 6291 

21 1.4 50560 

22 8 8033 

23 25 n.t. 

24 24 n.t. 

25 16 n.t. 

26 26.8 n.t. 

27 22.8 n.t. 

28 6.6 n.t. 

29 21.5 n.t. 

30 46 19580 

32 26 n.t. 

33 15 • n.t. 

34 2.4 53980 

35 4.8 67520 

36 33.4 n.t. 

37 18.2 n.t. 



The compounds of formula (I) where X is -NHOH were tested against MMP-2 
and MMP-1 under the conditions stated above, but the assay solution was buffered at 
pH 7.4 (Protocol B). IrJiibitory data (Ki's, all picoM) for some representative 
compounds of formula (I) wherein X is -NHOH are displayed in Table 2. 

TABLE 2 

Example No. MMP-2 Ki (picoM) MMP-1 Ki (picoM') 

4 159 149000 
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8 107 26800 

10 50H 12600'..' 

12 69-^ 171*00" 
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CLAIMS 

1. A compound which is a 3-arylsuIfonyl-2-methyl propanoic acid derivative of 
formula (I): 



o 




wherein 

X is HO-NH- or HO-; 

10 Ri is selected from phenyl, 4-chlorophenyl, 4-fluorophenyI, 4-cyanophenyl, 

benzamido (i.e., -NH-CO-Ph) and benzamido substituted on the terminal phenyl ring by 
C1-C4 alkyl, fluoro, chloro, cyano or C1-C4 alkoxy; 
R2 is selected from: 

(a) -S-Ar or -S-CH2-Ar, wherein Ar is a monocarbocyclic or 
15 bicarbocyclic aromatic moiety which is either unsubstituted or substituted with one or 

two substituents selected from C1-C4 alkyl, phenyl, benzyl, C1-C4 alkoxy, fluoro, chloro, 
bromo, nitro, cyano, hydroxy, amino, dimethylamino, acetamido, methylthio and acetyl; 

(b) -O-Ar, wherein Ar is as defined above; 

(c) -S-Het or -S-CH2-Het, wherein Het is a heterocyclic ring selected 
20 from pyridine, pyrimidine, pyridazine, pyrazine, 1,2,5-triazine, imidazole, thiophene, 

furan, pyrrole, pyrazole, 1,3-thiazole, 1,3-oxazole, 1,2,3-triazole, 1 ,2,4-triazole, 1,3,4- 
thiadiazole, 1,3,4-oxadiazole, 1,2,3,4-tetrazole, quinoline, isoquinoline, indole, 1,3- 
benzoxazole, 1 ,3-benzothiazole, benzimidazoie, [1 ,3]oxazolo[4,5-b]pyridine, 
[l,3]thiazolo[4,5-b]pyridine, [l,2,3,4]tetrazolo[l,5-b]pyridazine and purine, and 
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wherein said Het group can be subsVituted with-one to three suhSXituents#s.ele,cted«frpm.« 
C r C4 ed\<^Ayy.phmyA^ pyd<iy^l^i}^^r^^^ v^A^alko^y^rnQth^A^^^ ^nituo, - 

cyano, hydroxy, oxo-^ . amin©>%* methylamino^ dimethg^laniinQ««G'2-aimethf4arnin©e^^^^^ 
acetamido^and apetyl; and 
5 (d) 2,5-dioxo-l-imidazolidinyl or 2,4-dioxo-l-imidazoiidinyl, either of 

which is optionally substituted at the carbon atom by one or two methyl, linear or 
branched C2-C4 aikyl, phenyl, benzyl or hydroxymethyl groups, and at the nitrogen 
atom with C1-C4 linear or branched alkyl; 

or a pharmaceutically acceptable salt thereof. 

10 

2. A compauiadpacgeiBdingistp :©laimwL whiehsjis ^aB^isofmer^havrng^jti^eMonfigi^^ 
depktedjin tfoi^^^ 



15 




wherein X, R\ and R2 are as defined in claim 1 . 

3- A eomp0undtaceording4itp claim 1 whieh*is selected tfrom: 
20 3-[(4'-Chlono[ 1 , 1 '-biphenyJi]-4-yl)sulf©ny4|^2r.[.^^h^ 
(25)-3-[(4'-Chlor©i[^l^l.I^biphen^^^^ 
acid; 

34(4'-Chloro[l,r-biphenyl]-4-yl)sulfonyl].N-hydroxy-2-[(phenylsulfanyl)^^ 
propanamide; 



3-[(4'-ChIoro[l ,r-biphenyl]-4-yl)sulfonyl].2-[[(4 
hydroxyphenyl)sulfanyl]methyl]propanoic 
acid; 

3-[(4'-Chloro[l,r-biphenyl].4-yl)sulfonyl]-N-hydroxy-2-[[(4-hydroxyph^ 
methyljpropanamide; 

3-[(4'-Chloro[l J'-biphenyl]-4-yl)suIfonyl]-2-(phenoxymethyl)propanoic acid; 

3-[(4'-Chloro[l,r-biphenyl]-4-yI)sulfonyl]-N-hydroxy-2- 

(pherioxy methyljpropanamide; 

3-[(4'-Chloro[l J'-biphenyl]-4-yl)sulfonyl]-2-[(2-pyridinylsulfanyl)methyI^ 
acid; 

3-[(4'.Chloro[l,r-biphenyl]-4-yl)sulfonyl]-N-hydroxy-2-[(2- 
pyridinylsulfanyl)methyl]- 
propanamide; 

3-[(4'-Chloro[l,r-biphenyl]-4-yl)sulfonyl]-2-[[(2-pyridinylmethyl)sulfanyl^ 
propanoic acid; 

3-[(4'-Chloro[l,r-biphenyl].4-yl)sulfonyI]-N-hydroxy-2-[[(2- 
pyridinylmethyl)sulfanyl]- 

methyljpropanamide; 

3-[(4'-Chloro[14'-biphenyI]-4-yl)sulfonyl]-2-[[(5-methyl-13,4-thiadi^^^ 
yl)sulfanyl]- 

methyljpropanoic acid; 

3-[(4'-ChIoro[lJ'-biphenyl]-4-yl)sulfonyl]-N-hydroxy-24[(5-methyl-l,3,4-thia 
2- 

yl)sulfanyl]methyl]propanamide; 

3-[(4'-Chloro[lJ'-biphenyl]-4-yl)sulfonyl]-2-[[(5-amino-l,3,4.thiadiazoI^^ 
sulftinyl]- 

methyl]propanoic acid; 

3-[(4'-Chloro[l,r-biphenyI]-4-yl)sulfonyl]-2-[[(l-methyl-lH-^^^ 
methyl]propanoic acid; 
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3-[(4'-Chloro[lJ'-biphenyl]-4-yl)sulfQnyl]-2-[(2... 

3-[(4 '^ChloEO tL, 1 '-biph©ngdj|^0i)siiilJ^ 
yl)sulfaiiyt]mettoyl'3T 

propanoic acid; 

3-[(4'-Chloro[lJ'-biphenyl]-4-yl)sulfonyl]-2-[[(l-benzyl-lH-tet^^^ 
yl)sulfanyl]methyl]- 

propanoic acid; 

3-[(4'-Chloro[l,r-biphenyl]-4-yl)sulfonyl]-2-[(lH-benzimidazol"2-ylsulfan^ 

propanoic acid; 
3 - [(4 ' -Chlor© [4,r -biphencydi]^4.yl)skM©n^^ 
ylsulfanyt)met'hy4?]pr^^^^ 

acid^^ 

3-[(4'-Chl0ii©<P,l '-hipMn^Ai^^l^M^ 
yl)sMl»fanyi*] * 

meth^l^pippamei^aerd; 
3-[(4'-Chloro[l;l'-biphenylH-yl)sulfonyl]-24[(5-phenyl-l^ 
yl)sulfanyl]- 

methyljpropanoic acid; 

3-[(4'-Chloro[lJ'-biphenyl]-4-yl)sulfonyl]-2-[[[l-(3-pyridinyl)-lH-imid 
yljsulfanyl]- 

methyl]propanoic acid; 
3-[(4'-Chloro[l,l'-biphenyl]-4-yl)sulfonyl]-2-[[(4-methyl-l,3-oxazol^^^ 
y 1 )sulfany4»] methyl-] - 

propanoic^^a^id; : 
3-[(4'-Chl©F©(?lsl Nbiphmyfc^^ 
sulfanyl)- 

methyljpropanoic acid; 
3-[(4'.Chloro[l,r-biphenyl]-4-yl)sulfonyI]-24([l,2,3,4]tetrazolo[l,5-^^^ 

sulfanyl)methyl]propanoic acid; 



3-[(4'-Chloro[l,l'-biphenyl]-4-yl)sulfonyl]-2-[((2,6-dimethyl-4-pyrirnidinyl)suIfanyl]- 
methyljpropanoic acid; 

3-[(4'-Chloro[l,l'-biphenyl]-4-yl)suIfonyl]-2-[[(4,6-dimethyl-2-pyrimidinyl)sulfanyl]- 
methyI]propanoic acid; 

3-[(4'-Chloro[l,l'-biphenyl]-4-yi)sulfonyl]-2-[[(4-hydroxy-6-methyl-2-pyrimidinyl)- 
sulfanyl] methyl] propanoic acid; 

3-[(4'-ChIoro[ 1 , 1 '-biphenyl]-4-yl)sulfonyl]-2-[[(4,6-dihydroxy-2-pyrimidinyl)sulfanyl]- 

methyljpropanoic acid; 

3-[(4'-Chloro[l J '-biphenyl]-4-yl)sulfonyl]-2-[(9H-purin-6- 
ylsulfanyl)methyl]propanoic 
acid; 

3-[(4'-Chloro[l,r-biphenyl]-4-yl)sulfonyl]-2-(3-fluorophenoxyinethyl)^^^ acid; 
3-[(4'-Chloro[l,l'-biphenyl]-4-yl)sulfonyl]-2-[(2- 
acetylaminophenoxy)methyl]propanoic 
acid; 

3-[(4'-Chloro[l,l'-biphenyl].4-yI)sulfonyl]-2-[(4- 
acetylaminophenoxy)methyl]propanoic 
acid; 

3-([l,r-Biphenyl]-4-ylsulfonyl)-2-[(3,4,4-trimethyl-2,5-dioxo-l- 
imidazolidinyI)methyl]- 
propanoic acid; 

3 - [(4 ' -Chloro [ 1 , r -bipheny l]-4-y l)sulfony 1] -24(3 ,4,4-trimethy 1-2, ^ 
imidazolidinyl)- 

methyl]propanoic acid; 

(2y?)-3-[(4'-Chloro[lJ'-biphenyl]-4-yl)suifonyl]-2.[(3,4,4-trime 
imidazolidinj'l)methyl]propanoic acid; 

3-[(4'.Chloro[l,r-biphenyl]-4-yl)sulfonyl]-N-hydroxy.2-[(3,4,4.trimet^^ 
imidazolidinyl)methyl]propanamide; 

3-[(4'-Chloro[l,r-biphenyl]-4-yl)suIfonyl]-2-[(4,4-dimethyl-2,5-dioxo-l^ 
imidazolidinyl)- 
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methyljproparibie^acid; 
3 - [(4 ' -Chloro [ 1 ,1 ' -btpheniy4*]s#-.>ci)sulf0 . 

imijdaz0lidiny>lj)meth>sl^^^^^ 
3-[(4*-Chl0r0[4,.l '-bipheiay4*]-4-yl)sul€GnyA]-2-[(2,5-d^ - 
imidazolidinyl)methyI]propanoic 

acid; 

34(4'-Chloro[lJ'-biphenyl]-4-yl)sulfonyl]-N-hydroxy-2-[(2,5-dioxo-l- 
imidazolidinyl)- 

methyljpropanamide; 

3-[(4'-Chloro[lJ'~biphenyl]-4«yl)sulfonyl]-2-[(3-methyl-2,5-dioxo-l-m^ 

methyyp]i^0^pa^e>ie#a^ 
3-[(4'-ChloiJ0p ,1 '-bi^h^ii^Iilsig^sN 
imida^<!)J4diE[^^ 

prppapoicfaQid^ip. 
3-[(4^^M^i5G^(^i|a^^.bip^ 
imidazQlidiny l)methyA] ^ 

propanoic acid; 

3-[(4'>Chloro[lJ'-biphenyl]-4-yl)sulfonyl]-N-hydroxy-2-[(3-butyl-^ 
imidazolidiny l)methyl]propanamide; 

3-[(4'-Chloro[l,r-biphenyl]-4-yl)sulfonyl]-2-[(3-butyl-2,4-dioxo-l- 
imidazolidinyi)methyl]- 
propanoic acid; 

3-[(4'-Chloro[lJ'-biphenyl]-4-yl)sulfonyl]-N-hydroxy-2-[(3-butyl-2,4-diexo^ 

imida20lidinyJ&)methy4jpr0panam 
3-[(4'-Chi0raWvl^^bipfe^^iKj^y 
imidazolidinyi*)- 

methyljpropanoic acid; 

3-[(4'-Chloro[ 1 , 1 '-biphenyl]-4-yl)suIfonyl]-2-[(5-hydroxymethyl-2,4-dioxo- 1 - 
imidazolidinyl)methyl]propanoic acid; 
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3-[(4'-Chloro[l J'-biphenyl]-4-yl)sulfonyl]-2-[(5-hydroxymethyl-3-methyl-2 
1- 

imidazolidinyl)methyl]propanoic acid; 
3-[(4'-Fluoro[l,r-biphenyl]-4-yI)suIfonyl]-2-[(phenylsulfanyl)methyl]propano acid; 
3-[(4'-Fluoro[l J'-biphenyl]-4-yl)sulfonyI]-N-hydroxy-2-[(phenylsulf^ 

propanamide; 

3-[(4'-Fluoro[l,r-biphenyl]-4-yl)sulfonyl]-2-(phenoxymethyI)propanoic acid; 
3-[(4'-Fiuoro[i , i '-biphenyi]-4-yi)suifonyi]-N-hydroxy-2- 
(phenoxymethyl)propanainide; 

3-[(4'-Cyano[l J'-biphenyl]-4-yl)sulfonyl]-2-[(phenylsulfanyl)methyl]propan acid; 
3-[(4'-Cyano[l J'-biphenyl]-4-yI)sulfonyl]-N-hydroxy-2-[(phenylsulfanyI)me^^^^ 
propanamide; 

3-[(4'-Cyano[l ,r-biphenyl]-4-yl)sulfonyl]-2-(phenoxymethyl)propanoic acid; 

3-[(4'-Cyano[l,r-biphenyl]-4-yl)sulfonyl]-N-hydroxy-2- 

(phenoxymethyl)propan£imide; 

3-[(4'-Cyano[l ,r-biphenyl]-4-yi)sulfonyl]-2-(3-fluorophenoxymethyl)propanoic acid; 
3-[(4'-Cyano[l,r-biphenyl]-4-yl)sulfonyl]~2-[(2- 
acetylamino)phenoxymethyl]propanoic 
acid; 

3-[(4'-Cyano[l,r-biphenyi]-4-yI)sulfonyl]-2-[(2-pyridinylsulfanyl)methyl]prop£^ 

acid; 

3-[(4'-Cyano[l,l'-biphenyl]-4-yl)sulfonyl]-2-[[(2-pyridinyImethyl)sulfM^ 
propanoic acid; 

3-[(4'-Cyano[l,r-biphenyl]-4-yl)sulfonyl]-2-[(3-butyl-2,5-dioxo-l- 
imidazoiidinyi)methyl]- 
propanoic acid; 

3-[(4'-Cyano[l,r-biphenyi]-4-yi)sulfonyl]-N-hydroxy-2-[(3-butyl-2,5-dioxo-l^ 

imida2olidinyl)methyl]propananiide; 
3-[(4'-Cyano[l,r-biphenyi]-4-yl)sulfonyl]-2-[(5-hydroxymethyI-2,4-dioxo-l- 

imidazolidinyl)methyl]propanoic acid; 
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3-[[4-(Benzoylamino)phenyl]sulfonyl]-2-[,(phen^J 

3 -[[4r(B.e*nzoy lamiLa©*)^^ 

propananai'det 

3 - [[4-(B enzoy lammo^)pheny4i]sulC0ny^^^^^ ^2- [ [(2 - 
pyridinylniethyl)sulfanyl]methyl]propanoic 
acid; 

3-[[4-(Benzoylamino)phenyl]sulfonyl]-2-[(2-thienylsulfanyl)methyl]propanoi^ acid; 
3-[[4-(Benzoylamino)phenyl]sulfonyl]-2-(phenoxymethyl)propanoic acid; 
3-[[4-[(4-Methylbenzoyl)amino]phenyl]sulfonyl]-2-[(phenylsulfanyI)methyl^ 
acid; 

3 - [ [4- [(^l^elih^ltoenzoyl^ 
[(phen>^I:gvi!kto 

acid;?4 

3 - [ [4- |i(4-GhlorQb©nz©y;l^amin©f phgn0^ 
[(phenylsulfanyl)methyl]-^ 
propanamide; 

3-[[4-[(4-Chlorobenzoyl)amino]phenyl]sulfonyl]~2-(phenoxymethyl)propanoic 
3-[[4-[(4~Chlorobenzoyl)amino]phenyl]sulfonyl]-N-hydroxy-2-(phenoxyrnethyl)- 
propanamide; 

3-[[4-[(4-Chlorobenzoyl)amino]phenyi]sulfonyl]-2-(3-fluorophenoxymethyl)propano^ 
acid; 

3-[[4-[(4"Ghrorobenz0iy4^)amin03phenyvl^ 
pyridinylMfethyl')sjalf^ 
propafi0i@«aoid^ 

3-[[4-[(4-Chlorobenzoyl)amino]phenyl]sulfonyI]-2-[[(l -methyl- 1 H-tetrazol-5- 
yOsulfanyl]- 

methy I] propanoic acid; 
3-[[4-[(4-ChIorobenzoyl)amino]phenyl]sulfonyl]- 2-[(5-hydroxymethyl-2,4-dioxo- 1 - 



imidazolidinyl)methyl]propanoic acid; 
3-[[4-[(4-Cyanobenzoyl)amino]phenyl]sulfonyl]-2-[(phenylsulfanyl)m^^^ 
acid; 

3-[[4-[(4-Cyanoben2oyl)amino]phenyl]sulfonyl]-N-hydroxy-2- 
[(phenylsulfanyl)methyl]- 
propanamide; 

3-[[4-[(4-Cyanobenzoyl)amino]phenyl]sulfonyl]-2-[[(l-methyl-lH-tetrazol-5- 

methyljpropanoic acid; 
3-[[4-[(4-Cyanobenzoyl)amino]phenyl]suIfonyl]-2-(phenoxymethyl)propanoic acid; 
3-[[4-[(4-Cyanobenzoyl)amino]phenyl]sulfonyl]-N-hydroxy-2-(phenoxyrnethyl)- 

propanamide; 

3-[[4-[(4-Cyanobenzoyl)amino]phenyl]sulfonyl]-2-(3-fluorophenoxymetJiyl)pr^^ 
acid; 

3-[[4-[(4-Cyanobe.nzoyl)amino]phenyl]sulfonyl]-N-hydroxy-2-(3- 
fluorophenoxymethyl)- 
propanamide; 

3-[[4-[(4-Cyanobenzoyl)amino]phenyl]sulfonyl]-2-[(2-acetylamino)phenoxymethyl]- 
propanoic acid; 

3-[[4-(4-Propylbenzoylamino)phenyl]sulfonyl]-2-[[(l -methyl- IH-tetrazol-S- 
yOsulfanyl]- 

methyljpropanoic acid; and 
3-[[4-[(4-Methoxybenzoyl)amino]phenyl]sulfonyl]-2-(phenoxymethyl)propanoic acid; 
3-[(4'-ChloroLl,r-biphenyl]-4-yl)sulfonyl]-2-[[2Khydroxymethyl)phenoxy] 
propanoic acid; and the pharmaceutical ly acceptable salts thereof. 

4. A process for producing a compound as defined in claim 1, starting from a 
compound of formula 4: 
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o: 




wherein R is H or the residue of a carboxylic acid ester,Ri and R2 are as defined 
in claim 1 and n is 0 or 2, which process comprises: 

(a) hydrolysing a said compound of formula 4 in which R as the 

5 residue of a carboxylic and ester to give a compound of formula (I) in which X is HO-; 
or 

(b) ^ hyditcU^^ngla^ 

formu!l£t.4 inm^hi^liiMsiOf^a^ #i§Wf^sidHi#0i^^ • 
compQimd^ofc^lrmu^^^ 
1 0 (Gi)t^ aetimtijggja^sjtid^^mpj^^ 

2 to fomi^aniractivatedi^GafebjSxy^ 
hydr6xylarn?inei©r»an4©-pK0tfee^^^^ 

hydroxamic group to give a compound of formula (I) wherein X is -NHOH; or 

(d) submitting a said compound of formula 4 wherein R is H and n is 

15 zero to a sequence of reactions comprising oxidation at the sulphur atom, activation of 
the carboxy group, condensation of the activated carboxy group with hydroxylamine or 
an O-protected derivative thereof and, if necessary, deprotection of the hydroxamic 
group to form a compound of formula (I) wherein X is — NHOH, the oxidation step 
being conducted either before the activation step or after the-condensataon"Step;^and/or 

20 (e^p if desired^eonveFting a resulting^cpmpound of formula'fc.(?I) int©.>, 

another compoundMf fojtoula«(^I^f^2Uid/or^^^^ 
pharmaceutieatl§;|[aeGeptabtet^^^ 
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5. 
by 



A process according to claim 4 wherein the compound of formula 4 is obtained 
(a) subjecting a compound of formula 2: 



o 




(2) 



wherein R, Ri and n are as defined in claim 4, to conjugate addition by treatment 
with a compound of form.uia R2H wherein R.2 is as defined in claim 1 , or 
(b) treating a compound of formula 3: 



to obtain a compound of formula 4 in which n is zero. 

6. A pharmaceutical composition which comprises a pharmaceutically acceptable 
carrier or diluent and, as an active principle, a compound as defined in any one of 
claims 1 to 4. 

7. A compound as defined in any one of claims 1 to 4, for use in a method of 
treatment of the human or animal body by therapy. 




wherein R and R2 are as defined in claim 4, with a thiol of formula: 




8. A compound as claimed in claim 7 for use in the treatment or prophylaxis of a 
disease in a mammal mediated by a matrix metalloproteinase. 
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9. A compoundiias*elai-mj5jd|il^^ ;.Qlaini38 Awhetjeinethettmatri^^^ a 
gelatinase«(»MMP-2)^ the^membrane-type'<MM'Mmvolved4n*;^ 

14), a stromdysin or MMP-10), collagenase (MMP^13) or-^ neutrdphy 1 
5 collagenase (MMP-8). 

10. A compound as claimed in any one of claims 7 to 9 for use in the treatment or 
phophylaxis of tumour growth or metastasis, rheumatoid arthritis, osteoarthritis, 
ophthalmic disease, cardiovascular disease, periodontal disease, multiple sclerosis or 

10 Alzheimer's disease. 
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ABSTRACT 

3-ARYLSULFONYL-2-(SUBSTITUTED-METHYL) PROPANOIC ACID 
DERIVATIVES AS MATRIX METALLOPROTEINASE INHIBITORS 

Compounds which are 3-arylsuIfonyl-2-methyl propanoic acid derivatives of formula 
(I): 

o 




(I) 



10 wherein 

X is HO-NH- or HO- 

Ri is selected from phenyl, 4-chlorophenyl, 4-fluorophenyl, 4-cyanophenyl, 
benzamido (i.e., -NH-CO-Ph) and benzamido substituted on the terminal phenyl ring by 
C1-C4 alkyl, fluoro, chloro, cyano or Ci^ alkoxy; 
15 R2 is selected from 

(a) -S-Ax or -S-CH2-Ar wherein Ar is an aromatic moiety; 

(b) -O-Ar wherein Ar is as defined above; 

(c ) -S-Het or -S-CH2-Het wherein Het is a heterocyclic ring; and 
(d) 2,5-dioxo- 1 -imidazolidinyl or 2,4-dioxo- 1 -imidazolinyl; and the 
20 pharmaceutically acceptable salts thereof; have potent and selective inhibitory activity 

against matrix metalloproteinases (MMPs) and can thus be used in the treatment and 

prevention of diseases mediated by MMPs. 
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